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Ab s t r a c t
The objective of this two and one-half year study was to 
'determine: (1) the reproductive cycle of Mya arenarla occurring
at or just below the mean low water mark in the York River,
Virginia and (2) the distribution, as well as survival, of 
juvenile clams up to eight months old in the upper portion of 
the nearshore zone.
Through histological examination of gonadal tissue, Mya 
populations were found to exhibit distinct spring and fall cycles 
of gonad maturation and spawning. Spawning in the field took place 
between mean water temperatures of 10-20°C and in the laboratory 
between temperatures of 12-24°C. Gonadal maturation cycles of 
mature male and female clams were slightly out of phase with one 
another during both spring and fall. Spring spawning failures 
were observed during one year of the study. Clams became sexual­
ly mature within their first year of life and there was no indica­
tion of protandry or sex change, the sexes occurring in a 1:1 
ratio. Two hermaphroditic clams were observed among 2,400 
individuals examined, an incidence of 0.08%.
Only clams from the fall set contributed significantly to 
the maintenance of adult clam populations while spring sec seldom 
survived in the sediment until fall. However, even fall-spawned 
juvenile clam populations experienced drastic mortalities between 
winter and summer, primarily as a result of predation by blue 
crabs and other less significant predators such as oyster drills, 
xanthid crabs, whelks and cownose rays.
In addition to predation-related mortalities, clam mortal­
ities were also observed associated with low salinity-high water 
temperature conditions following tropical storm Agnes in late 
June 1972. At one study location groundwater significantly 
reduced interstitial salinities near the beach and these low 
salinities, in combination with high summer water temperatures, 
possibly contributed to occasional clam mortalities.
Juvenile clam populations exhibited a clumped distribution. 
Wave action was considered the primary factor affecting the in­
shore-offshore distribution of juvenile clams since sediment 
parameters were not markedly different across the zone studied, 
and neither predation nor interspecific competition with other 
bivalve species could be demonstrated to significantly affect 
Mya1s density. An association of juvenile clams with patches 
of eelgrass was observed, but the relationship was not con­
sistent throughout the study.
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The Reproductive Cycle of Mya arenaria L. and 
Distribution of Juvenile Clams in the Upper Portion 
of the Nearshore Zone of the York River, Virginia
INTRODUCTION
The soft clam, Mya arenaria, is a boreal species (Ekman, 1953; 
Turgeon, 1968) ranging along the North American east coast from 
Laborador to North Carolina and the west coast from Alaska to 
California (Abbott, 1974). At the southern limit of its range in 
North Carolina. H. Porter (1974) reports that only small individuals 
are normally found. The clam has supported a commercial fishery along 
the east coast of the United States since the last half of the nine­
teenth century (Dow and Wallace, 1961; Hanks, 1963). Prior to 1950 
the fishery was limited to New England, with Maine and Massachusetts 
being the major harvesting states (Shaw and Hamons, 1974). A steady 
decline in the New England fishery, from landings of 15 million pounds 
(6,795 t) of meats in 1940 to 2.3 million pounds (1,041.9 t) in 1959, 
provided impetus for development of a Maryland Chesapeake Bay fishery 
in the early 1950’s. The Maryland fishery utilizes subtidal clams 
harvested with a hydraulic escalator dredge in contrast to the New 
England fishery, where intertidal clam stocks are harvested by hand 
diggers.
Maryland’s soft clam fishery developed rapidly during the 1960’s, 
reaching a peak of 7.9 million pounds (3,578.9 t) of meats in 1969.
In 1970 and 1971 Maryland’s fishery began a gradual decline in pro-
duction before declining precipitously in 1972 and 1973 after 
tropical storm Agnes struck the Chesapeake Bay drainage basin.
Agnes released nearly 30 cm of rain on some areas of the Bay dur­
ing the period 21-23 June 1972 (Shaw and Hamons, 1974; Haven et al., 
1975). Enormous volumes of freshwater entered the upper Bay and re­
duced salinities well below 5 o/oo over commercial clam beds for up 
to several weeks. At the same time air temperatures were very warm 
and combined with the low salinity conditions resulted in clam 
mortalities as high as 90% in some upper Bay areas.
A commercial soft clam fishery never developed in Virginia al­
though commercially abundant beds of clams were present in the recent 
past in shoal areas of the Rappahannock River (Haven, 1970). Several 
individuals received permits to dredge soft clams with a hydraulic 
escalator during the late 1960fs on privately leased grounds and some 
public grounds; however, no major harvesting took place. The best 
clam beds existed in productive oyster areas, and oystermen generally 
objected to the use of a hydraulic escalator near their grounds, fear 
ing that the oysters would be silted over and smothered by suspended 
sediment resulting from the operation.
Clams were landed in Virginia, largely by Maryland clammers, 
from 1955 to 1968 with the exception of 1963 and 1964. Landings were 
very low, usually under 40,000 pounds (18.1 t), except in 1965 and 
1966 when they were approximately 200,000 pounds (90.6 t). Com­
mercial size clam beds discovered in the Rappahannock River in 1968 
and 1969 were found completely destroyed in 1973, apparently from
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the effects of tropical storm Agnes in 1972 (Haven et al., 1975),
In Chesapeake Bay Mya occurs from Hampton Roads at the mouth 
of the Bay to beyond the Chester River on Maryland’s Eastern Shore 
(Haven, 1970; Lippson, 1973), It generally is found on sandy, sandy- 
mud or sand-clay bottoms where salinities range from approximately 
5-10 o/oo up to 25 o/oo (Haven, 1970; Wass, 1972). Adult clams (clams 
_> 55 mm in length) primarily occur in shoal waters from just below the 
mean low water mark out to depths of 3-4 m (Manning and Pfitzenmeyer, 
1958; Pfitzenmeyer and Drobeck, 1963; Haven, 1970), only existing 
sporadically at greater depths; however, significant populations have 
been observed in 9-1.2 m of water (Manning and Dunnington, 1955),
Juvenile Mya (clams < 55 m in length and < 1 year old) occur over a 
broader depth range than adults do and may be found in deeper portions 
of the estuary during winter and early spring (Boesch, 1971). Juveniles 
which set in soft sediments, with their relatively higher levels of 
organic matter, do not generally survive to adult sizes (Gaucher, 1965; 
Boesch, 1971),
Extensive work has been carried out on the intertidal populations 
of Mya in New England and to a lesser extent in Canada, Some of the 
more comprehensive accounts of the clam’s life history and its fishery 
include those of Kellogg (1903), Mead and Barnes (1904), Belding (1930), 
Turner (1948), Dow and Wallace (1957) and Hanks (1963), Growth rates 
and growth indices in different environments and geographical locations 
have been studied by Newcombe (1932, 1933, 1935), Newcombe and Kessler 
(1936), Needier and Ingalls (1944), Swan (1952a, b), Turner (1953),
Spear and Glude (1957), Matthiessen (1960a)and Stickney (1964a). Be­
cause of the clam’s commercial fishery, its predators and their control 
have received considerable attention (Turner, 1948, 1951, 1952; Medcof 
and MacPhail, 1952; MacPhail _et_al., 1955; Smith_et_al., 1955, Ropes, 
1968). Medcof (1950), Baptist (1955), 0. Smith (1955) and Matthiessen 
(1960b) have examined burrowing rates of clams and their movements 
horizontally over the sediments. In the northern part of its range 
Mya’s reproductive cycle has been documented by determining peaks of 
larval abundance and through histological examination of gonadal tissue 
(Battle, 1932; Coe and Turner, 1938; Glude, 1953; Landers, 1952, 1954a; 
Ropes and Stickney, 1965). Stickney (1964b) and Loosanoff _et al. (1966) 
have described the clam’s larval characteristics and some of its 
environmental and feeding requirements.
Studies on Mya in the Chesapeake Bay have been conducted ex­
clusively in Maryland waters except for the work of Haven (1970), DuPaul 
and Webb (1970) Virkar and Webb (1970) and Haven et_ al (1975). Benthic 
surveys (Manning and Pfitzenmeyer, 1958; Pfitzenmeyer and Drobeck,
1963; Shaw and Hamons, 1974; Cory and Redding, 1975) and studies of the 
clam’s reproductive cycle (Pfitzenmeyer, 1962, 1965; Shaw, 1964, 1965 a, 
b; Otto, 1972, 1973; Shaw and Hamons, 1974) comprise the majority of the 
research. Effects of temperature on Mya’s pumping rate (Harrigan, 1956) 
and respiratory metabolism (Kennedy and Mihursky, 1972) have also been 
studied along with the clam’s upper temperature tolerance at various 
salinity levels (Kennedy and Mihursky, 1971). Effects of temperature 
and sediment particle size on reburrowing of Mya have been examined by 
Pfitzenmeyer and Drobeck (1967).
The work of Haven (1970) in Virginia documented the existence 
of several commercially harvestable soft clam beds in subtidal, shoal 
areas of the Rappahannock River. He did not detect the existence of 
significant adult clam populations in the York River between depths 
of 1-4 m, but noted the occurrence of scattered adults along much of 
the river’s length. Subtidal juvenile populations ranging up to 186 
clams/m^ failed to establish adult populations in the York.
Beds of adult clams have been observed by the author in the 
shallows of the York River between the mean low water mark and a 
distance 20-30 m offshore. Adult populations have also been observed 
in fringing stands of marsh grass, Spartina alterniflora. Although 
not continuous in their distribution along the shores of the river, 
the populations can be persistent, and some have been observed to exist 
as long as eight years. The flats on which these clams live are seldom 
exposed by the receding tide except during periods of extreme low spring 
or wind tides.
Mya populations occurring just beyond the mean low water mark 
have only been studied to a limited degree (Haven, 1970) in Chesapeake 
Bay. In addition, the clam’s spawning cycle has never been documented 
in Virginia waters where water temperatures are 0.5°C warmer on the 
average than in Maryland (Schubel, 1972). Histological determination 
of Mya’s spawning cycle in Maryland has been carried out only on clams 
from subtidal depths where they could be acquired with a hydraulic 
escalator dredge. No examination of Mya gonads has been made from 
individuals found at the mean low water mark where water and sediment
temperatures experience greater ranges than in areas constantly 
covered by one to two meters of water. The objective of this study, 
commencing in 1970 was to determine: (1) the reproductive cycle of
Mya occurring at or just below the mean low water mark in the York 
River through histological examination of the gonads and (2) the 
distribution (and survival) of juvenile clams up to eight months old 
in the upper portion of nearshore zone where water depths of less 
than one meter exist at mean low water.
METHODS AND MATERIALS
Description of the Study Area
The York River, approximately 55 km in length, is formed by 
the confluence of the Mattaponi and Pamunky Rivers at West Point 
(Fig. 1). From West Point, the river runs south-southeast in a 
straight line to a constriction at Gloucester Point and Yorktown 
where the river turns east before joining the Chesapeake Bay. While 
having extensive marsh areas along its course, many areas in the 
river’s middle reaches are either in close proximity to cr directly 
bordered by land elevations 6-7 m above mean sea level.
The York is a moderately stratified, or partially mixed, estuary 
(Pritchard, 1967) with complex current and salinity patterns resulting 
from a rather shallow sill at its mouth and its constriction at 
Gloucester Point (Bender ejt_ ctL, 1974). Salinities at any given point 
in the estuary normally vary no more than 1-2 o/oo over a tidal cycle. 
Slightly higher salinities occur along the river’s north shore as a 
result of the Coreolis force. The transition zone between fresh and 
salt water normally occurs above the convergence of the parental 
tributaries, however, it has migrated downstream on occasion as far 
as Carter’s Creek. Historically, the area of greatest recorded salinity 
variation (3.2 - 20.3 o/oo) has been off Clay Bank (Bender, et al, 1974). 
Under the influence of semi-diurnal tides, the York demonstrates a
8.
Figure 1. The York River estuary.
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slight increase in mean tidal range from approximately 0.7 m at the 
mouth to 0.9 m at West Point. Respective spring tide ranges are 
approximately 0.8 m and 1.1 m.
o
The York system has a drainage area of 6,897 km with an average 
annual rainfall of nearly 107 cm. The section of the basin between 
West Point and Chesapeake Bay receives in excess of 112 cm of pre­
cipitation. Runoff is approximately 32% of the precipitation. The 
mean daily maximum and minimum air temperatures for January are approx­
imately -1°C and 31°C respectively, Winds predominantly blow south 
to southwest (Bender et al, 1974); however, from September through 
March the strongest winds blow north to northwest (Havens et_ al.,
1973).
Two principal sampling areas were located on the north shore 
of the river, one at Fox Creek and the other 18.6 km downriver at 
Gloucester Point (Fig. 1). Sampling transects at these locations 
were established across the upper portion of the nearshore zone 
perpendicular to the beach. An additional sampling area was chosen 
to monitor gonadal development of Mya at Bay Tree Point, to the 
south of the river’s mouth. The approximate coordinates of each 
sampling area appear in Table 1.
The three sampling areas were not radically different in their 
salinity regimes (Fig. 2). For a 27 month period, the average 
salinity and salinity range for each of the areas was: Fox Creek,
13.0 o/oo (Range 8.4-19.6 o/oo); Gloucester Point, 16.4 o/oo (Range 
9.2-22.9 o/oo) and Bay Tree Point, 18.6 o/oo (Range 14.3-22.6 o/oo).
Table 1. Location of sampling areas in the York River
system.
Area Name 
Fox Creek 
Gloucester Point 
Bay Tree Point
N. Latitude 
37e23f 06" 
37°14’58" 
37°lll31"
W. Longitude 
76°38’33" 
76°30’21" 
76°23'30"
Figure 2. Nearshore zone salinities during low tide at three
locations from which Mya were sampled for determination 
of gonadal development. Except for March-May 1970, 
when salinity samples were taken biweekly, only one 
salinity sample was taken per month at each location.
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Under the Venice System for classifying brackish waters, Fox Creek 
was mesohaline (5-18 o/oo) except during October and November in 1970 
when polyhaline (18-25 o/oo) salinities occurred. Gloucester Point 
oscillated between mesohaline and polyhaline, exhibiting higher 
salinities consistently during the late summer and early fall. When 
compared to adjacent surface waters in mid-channel for the same 
period (Manzi, 1973), Gloucester Point's inshore regime exhibited 
polyhaline salinities more often. This might be attributed to the 
Coreolis force effect, but more likely was also related to the complex 
circulation patterns at Gloucester Point (Bender et al, 1974). Bay 
Tree Point remained polyhaline except during mid-May in 1970, when 
all three areas had reduced salinities.
Unusually low salinities occurred at the sampling areas during 
July 1972. following trcpical storm Agnes. Releasing a very large 
volume of freshwater on the drainage basin of Chesapeake Bay, Agnes 
reduced normal salinity levels 8-10 o/oo for the duration of the 
month. A slow recovery towards normal levels began in August; however, 
below-average salinities persisted into 1973, as shown by average 
monthly salinities at Gloucester Point (Fig. 3).
Water temperatures in the York estuary annually range from 
approximately 0-30°C. During the course of this study, average monthly 
water temperatures ranged from 2°C to 27.5°C (Fig. 3). On the average, 
water temperatures in the Virginia portion of the Chesapeake Bay are 
approximately 0.5°C warmer than in the Maryland portion (Schubel, 1972). 
In the intertidal zone, severe winter temperatures can cause ice for-
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Figure 3. Average monthly temperature and salinity regimes for 
the York River at Gloucester Point (VIMS Pier Data).
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mation, while on calm days in July and August, the same area may 
experience water temperatures exceeding 35°C,
Bay Tree Point was a single-purpose sampling location for 
following the reproductive cycle of Mya, therefore a brief descrip­
tion of the area will suffice. A fringing marsh, predominantly 
Spartina alterniflora, characterized the shoreline with occasional 
pockets of sand composing the only beach of significance. The near­
shore zone remained shoal for distances of 350-600 m from the mean 
low water mark and exhibited several sand bars parallel to the shore. 
The bars were interspersed with zones of vegetation, the seagrass 
Zostera marina. Approximately 600 m south of the sampling location, 
a marsh creek system existed with an associated 40.5 ha marsh 
dominated by black needlerush, Juncus roemerianus (Silberhorn, 1974). 
Surface sediments consisted of fine sand overlying sediments of high 
clay content.
The primary sampling areas at Fox Creek and Gloucester Point 
were similar in several basic features. The foreshore slope varied 
considerably during the year over the 10-12 m width of the zone, 
being rather steep in winter and more gradual during summer (approxi­
mately 4°). There were extensive backshore zones rising less than
1.5 m above mean sea level, however these abuted elevated uplands 
which rose steeply to heights of nearly 8 m. At Fox Creek the higher 
elevations began approximately 250 m behind the berm and 150 m upriver 
and downriver from the sampling stations. Similar elevations existed 
at Gloucester Point 100 m upriver from the sampling site and also
the same distance behind the berm, while the downriver area remained 
low across the width of the point.
Both backshores included a man-made boat basin connected 
with the river. However, the basin at Fox Creek was closer to 
the beach (50 m) than at Gloucester Point and was part of a natural 
creek system draining a 32,4 ha marsh, dominated by Spartina 
alterniflora. At Gloucester Point the basin was 100 m from the beach 
and on a line approximately 50 m downriver from the location of 
sampling stations. Besides the boat basin in the Gloucester Point 
backshore, a small, freshwater pond occurred within 100 m of the 
beach.
Sampling transects at Fox Creek were located 70 m downriver 
from a wooden jetty protecting the Fox Creek channel, which cut 
through the beach and across the nearshore zone. During fall, winter 
and spring months, the jetty protected the study area from strong 
northwest winds which otherwise would have had a 14 km fetch to the 
beach. No such protection existed at the Gloucester Point site where 
the northwest fetch was approximately 17 km.
Bottom profiles of the nearshore zone in the areas were 
distincitve from one another (Fig. 4), partially resulting from the 
Fox Creek jetty trapping sand on its downriver side. Fox Creek 
exhibited a gradually sloping bottom beyond the mean low water mark, 
considered as the zone of sharp change in the lower beach slope 
(Rosen, 1976), without any sand bar system parallel to the beach.
In addition, no vegetation existed in the nearshore zone. Clay Bank,
Figure 4 Bottom profiles at Fox Creek and Gloucester Point 
showing locations of bivalve and interstitial water 
sampling stations.
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approximately 4 km downriver from Fox Creek (Fig. .1), marked the 
upriver limit for the distribution of eelgrass, Zostera marina, in 
the York River (Orth and Gordon, 1974).
Sampling Methodology
To determine the distribution of Mya, associated bivalve 
species and potential predators in the upper portion of the nearshore 
zone, a sampling transect was established at each location perpen­
dicular to the beach. Four bivalve stations were chosen on each 
transect (Fig. 4), Stations 1-3 being within the main concentration 
of adult Mya. At each location, efforts were made to locate 
transect stations at positions of equal water depth so that periods 
of exposure during low water would be similar (Table 2).
The exposure factor in Table 2 represents the estimated 
percentage of days, between 1 June 1970 and 31 August 1972, that a 
given station was exposed by the tide for any period of time. This 
was calculated by referencing the water depth, necessary to expose 
a station, to the tidal datum at Gloucester Point, then determining 
the number of days during which this critical depth occurred from 
tide records of the National Ocean Survey. Although mean tidal range 
at Fox Creek is 12 cm greater than at Gloucester Point, there is no 
difference in the height of low water at the locations. Therefore, 
the number of days a station is exposed by the ebbing tide should 
be equal at both places.
Table 2. Location, depth and exposure of bivalve sampling 
stations on transects at Fox Creek and Gloucester 
Point.
Distance from Water Depth Percentage of
MLW Mark (m) at MLW (cm) Time Exposed
Station Fox Glouc. Fox Glouc. Fox and Glouc.
1 6.5 7.5 12 10 8.6%
2 25 22 23 23 3.2%
3 55 59 38 35 1.5%
4 95 106 63 67 0.1%
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Two types of sampling gear were employed during 1971 and 
1972, an airlift sampler for bivalves of all sizes (>_ 1 mm) and a 
water jet sampler for large 0> 10 mm) bivalves. With both methods, 
samples were taken using a cylindrical sampling frame (42 cm diameter) 
which delimited a circular area of 0,14 m^ to a depth of 30 cm into 
the sediment. The sampling frame, made by cutting the bottom out 
of a galvanized tub, was forced into the sediment by standing on 
its rim.
Airlift samples were taken at each transect station within 
a circular area 12 m in diameter containing 48 potential sampling 
sites; water jet samples were taken within a larger rectangular 
area (12 m x 40 m) containing 143 potential sites (Fig, 5). All 
potential sampling sites were assigned consecutive numbers and the 
set of sites used for a sampling period chosen from a table of random 
numbers, Once sampled, a site could not be drawn again.
Six airlift samples were taken at each transect station in 
late winter (February - March) and summer (July) during 1971 and 1972 
for a total of 24 samples each period, This schedule permitted the 
fall and spring set of Mya to establish itself before sampling commenced 
and resulted in minimal disturbance to small bivalves living near the 
sediment surface. With both sampling methods, it was necessary to 
walk on the sediment, and during sampling, considerable amounts of 
sediment were redistributed over the bottom. Both activities are 
hazardous to small bivalves.
Figure 5. Sampling grids for bivalve stations on the nearshore
transect.
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After airlift sampling was completed in July 1972, 40 
samples were taken at Stations 1, 2 and 3 during August with the
water jet. Because a sample was lost from Station 3 at Fox Creek,
one sample was randomly excluded from all other stations before 
calculating clam density and relative abundance. Station 4 was 
omitted because of being in too deep water the majority of the 
time. Eight to 10 days were required at each location to take 
120 samples.
The airlift method of sampling was used in lieu of a benthic 
grab. A grab light enough to operate from a small boat in shallow
water would not dig sufficiently deep into the sediment to sample
Mya greater than 20 mm in length. Because of the area's small tidal 
range, direct access to exposed bottoms at low water was seldom 
possible, making more traditional intertidal sampling methods im­
practical. A water-powered, suction sampler was tested (Brett, 1964; 
Larsen, 1974) but, while removing sediment rapidly, proved awkward 
to handle for the size sample required. In addition, more thin- 
shelled bivalves were broken in transit through the device than with 
the airlift. Mr. Haven adapted the principle of the Barnet and Hardy 
sampler (Holme, 1971) to a simply designed airlift for use in water 
as shallow as 30 cm.
The basic components of the system were a portable gasoline- 
powered air compressor and the airlift sampling tube. Air was 
delivered to the sampling tube by a diving compressor through two
7.6 m extruded vinyl hoses. The compressor contained two diaphragm- 
type compressor units which together furnished the required continuous
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air flow of approximately 240 liters per minute at a pressure 
approaching 1.4 kg per cm^ (Outboard Marine Corporation, 1966).
Powered by a two-cycle engine (2 HP; 2500 RPM), the entire compressor 
weighed only 18 kg and could be used with a floatation collar for 
increased sampling mobility.
The sampling tube consisted of two pieces of polyvinyl 
chloride pipe (schedule 40), a straight section and a 90° elbow.
Two copper pipes (9.3 mm 0,D.) fitted with galvanized T's and hose 
adapters were held against the tube's side with all stainless steel 
hose clamps and directed air from the compressor inside the tube 
(Fig. 6). The distance from the hose adapters to the suction end 
of the sampling tube established the maximum limit for sediment 
penetration of the tube. To guide the tube and hold it against the 
bottom, it was attached to a wooden pole approximately 2 m in length.
To determine the vertical progress of the sampling tube into the 
sediment, the pole was graduated at 1 cm intervals.
Sampling involved towing a small boat with the airlift device 
and associated equipment over the tidal flats from station to station 
along the transects. At each sampling site, the frame was pressed 
into the sediment and the enclosed sediment evacuated with the air­
lift tube through a semi-flexible hose into a set of two box sieves 
(Fig. 7), The sieves floated on a wood frame which was drag-anchored 
with a lead weight. Anchoring the frame reduced strain on the hose 
resulting from strong tidal currents and wave action.
The top 10 cm of sediment were pumped into a 4 mm mesh 
sieve on top of a 1 mm mesh sieve, the large mesh sieve retaining
Figure 6. Diagram of the airlift sampling tube.
e l l  luerat 7 . 6  cm
1 5 . 5 c m
to a i r  
c o m p r e s s o r
5 6  cm
suct ionn \
Figure 7. Field operation of the airlift sampler with floating 
sieves.
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gravel and any vegetation present. The remaining 20 cm of sediment 
were pumped into the coarse sieve only. All sediment and biological 
material retained by the sieves were placed in plastic bags and 
preserved with 5% buffered formalin for laboratory examination,
Philoxine B was added to the formalin to aid in sorting smaller 
bivalves from the sediment under a dissecting scope (Mason and 
Yevich, 1967).
The airlift was tested for its ability to pick up a known 
number of juvenile hard and soft clams planted within the sampling 
frame and left for a period of 24 hours. It recovered all planted 
clams. The lifting force of the sampler was sufficient to remove 
all adult hard and soft clams encountered. Some breakage of thin- 
shelled bivalves occurred, usually the result of the clams being 
struck by the end of sampling tube as it was moved around inside the 
sampling frame. On the average, approximately three minutes were 
required to remove each 5 cm layer of sediment within the 0.14 m 
area sampled. Fine sand was evacuated much more rapidly than coarse 
sand or mud-clay mixtures.
The water jet sampler consisted of a 3 horsepower pump mounted 
in a small boat and a 15 m hose (3,8 cm I.D.) with a pipe nozzle.
The 1 m long nozzle, beveled on the end, was worked slowly into the 
sediment within the sampling frame. The stream of water from the 
nozzle quickly eroded the sediment and forced the majority of clams 
present over the rim of the frame. A circular net (0.5 cm mesh), 
its lower edge attached to a metal ring and upper edge made to float
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at the water’s surface, was placed around the frame and caught clams 
washed out of the sediment. Bottom vegetation was also retained in 
the net. After all sediment was removed from the frame, the net was 
picked up and the clams placed in containers for counting and measuring 
in the laboratory. By checking inside the frame with one’s hands 
after sampling, an occasional clam not washed into the net was 
retrieved,
At the Gloucester Point location, the major concentration of 
adult Mya occurred within a 10-15 m wide zone beyond the mean low 
water mark. Interstitial salinities in this zone were constantly 
lower than those of the water overlying the sediment. To determine 
the salinity and temperature regime of nearshore sediments, a second 
transect was established at each location approximately 20 m upriver 
and parallel to the bivalve sampling transect. The relative positions 
of the sampling points on each transect are indicated in Figure 4.
At Gloucester Point, interstitial water samplers (Fig. 8) 
were placed along the transect at 6 m, 13 m, 20 m, 27 m, 34 m and 
59 m respectively from the mean low water mark. Because low salinity 
interstitial water was not prevalent in the same zone at Fox Creek, 
the samplers were placed closer to the beach, starting at the mean 
low water mark. By doing this, it was hoped that slight reductions 
in interstitial salinity might be detected at the inshore<-most edge 
of the bivalve sampling area. Samplers were therefore placed at 0 m,
6 m,4 13 m, 20 m 27 m and 55 m from mean low water mark at Fox Creek,
Water depths at the interstitial sampling stations are shown in 
Table 3.
Figure 8. Diagram of an interstitial water sampler and its 
position in the sediment.
FORCED WATER
AIR SAMPLE
F L E X IB L E  P L A S T IC  TUBING
SEDIMENT SURFACE
-GRUBBER STOPPER
ACRYLIC P L A S T IC  TUBE
5 cm
ONE-WAY RUBBER VALVE
*
IN T E R S T IT IA L  WATER
Table 3. Characteristics of sampling stations for 
determining interstitial salinity and 
temperature at Fox Creek and Gloucester 
Point.
Distance from Water Depth
MLW Mark (m) at *MLW (cm)
Station Fox Glouc. Fox Glouc.
1 0 6 0 9
2 6 13 12 13
3 13 20 20 23
4 20 27 23 22
5 27 34 25 21
6 55 59 38 35
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Each salinity sampling station contained two samplers, one 
buried with its intake area (bottom) 15 cm below the sediment surface 
while the other was at 30 cm depth. Each sampler was 15 cm long 
(4.8 cm I.D,) and had a loop of plastic coated wire tightened around 
its long axis to prevent the rubber stoppers from becoming dislodged 
when the sampler was evacuated with an air pump, To prevent sediment 
from entering the sampler, a piece of nylon hosiery was secured over 
the intake opening with a stout rubber band. Samplers were secured 
to a half brick to prevent their working out of the sediment.
The flexible tubes coming out of the top of the sampler 
were approximately 2 m long (3.2 mm I.D.) and were tied to the base 
and top of a stake placed in the sediment beside them. This kept 
the tubes from pulling out of the sampler and permitted access to 
them by boat when sampling over a tidal cycle. Taking a water sample 
involved pumping out a sampler with an air pump to clear it of Mold'! 
water, allowing it to refill with interstitial water (generally re­
quiring less than one minute), and pumping out the desired sample 
into a bottle. Approximately 120 ml of water were obtained in a 
sample, a sufficient volume to analyze with a Beckman induction 
salinometer (Model No. RS-7A),
Salinity samples also were taken at the sediment surface 
using a length of flexible tubing weighted on one end. The end of 
the tube above the water surface was sealed off until the weighted 
end was lowered through the water to the sediment surface. When the 
sealed end was opened, water filled the tube which was then brought 
into the boat and its contents emptied into a sample bottle.
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Since the interstitial samples contained hydrogen sulfide, 
which might affect the conductivity readings of the salinometer, all 
sample bottles were uncapped in the laboratory until could not 
be detected by smell. Control bottles were also uncapped for the 
same period of time to check the effect of evaporation on salinity 
of the sample, Many interstitial samples contained fine sediment 
and ail were filtered before having salinity determined. Again, 
control samples were also filtered to determine any effect 011 the 
salinity of a sample. Leaving the samples open to the air usually 
increased their salinity approximately 0.2-0,3 0/00 while filtering 
samples, due to rinsing of the filtering apparatus with distilled 
water between samples, reduced salinity approximately 0.3-0.5 0/00.
All final salinity determinations were adjusted according to the net 
effect of these two treatments.
Temperatures were also recorded at each interstitial station 
at the sediment surface, 15 cm into the sediment and 30 cm. Tem­
perature data was obtained with a thermistor probe mounted on a 
metal rod that could be forced into the sediment to desired depths.
The probe (Yellow Springs Instrument Co, Part No, 44033, Cat. No.
703) was stainless steel and waterproofed, its tip insulated from 
the rod with many turns of plastic electrical tape. Although having 
a time constant of 3.4 seconds, the probe was allowed to come to 
equilibrium with the surrounding environment a minimum of one minute.
This minimized the effect of friction on the probe and thermal 
contamination by overlying waters when it was driven into the sediment.
Instrument shop personnel at VIMS constructed a portable 
readout device for the probe powered by two 1.5 volt dry cell 
batteries. Basically a wheatstone bridge, the system was calibrated 
with a standard thermometer before each use in the field. The bridge 
was balanced by nulling out an ammeter with a variable resistor hav­
ing a mechanical dial readout, Dial readings were converted to 
temperatures by a calibration curve, with the instrument having a 
precision of + 0.1°C,
Sediments were sampled at each bivalve sampling station in 
February and October 1971 using acrylic plastic core tubes (3.8 cm
I.D.). A minimum of two samples were taken at each station, one at 
the inshore and offshore edge of the sampling grid. To obtain a 
sample, a core tube was pushed approximately 15 cm into the sediment 
and the top 2 cm of the core then removed for analysis. Sediment 
analysis was carried out by wet sieving samples to separate the 
silt-clay fraction from sands, then dry sieving the sand fractions 
(Folk, 1968). The weight of silt-clay fractions was determined by 
filtering them through pre-weighed Whatman filtered paper (#3- 
Qualitative. Grad) and drying the filers at 100°C for 24 hours before 
re-weighing. All weighing was carried out at a constant humidity 
of 50%. Median grain size and sediment sorting coefficients were 
determined from cumulative probability curves generated for each 
sample.
The reproductive cycle of Mya in the York estuary was 
determined by histological examination of gonadal tissue of clams
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sampled from the nearshore zone at three locations. These 
observations were complimented by placing set collectors at 
Gloucester Point and Fox Creek to observe actual settings of Mya 
larvae.
For histological examination of Mya, approximately 20 clams 
were taken monthly from each location using a hand corer (I.D. =
6.8 cm, length = 42 cm). Initially, efforts were made to sample 
each location biweekly, but this proved impossible due to tidal and 
turbidity conditions. With the corer, clams could be sampled while 
still submerged, however, the water had to be no more than 50 cm 
deep and sufficiently clear to locate clam burrows. If more than 
one year class were accessible at a location, approximately 20 in­
dividuals were taken from each year class observed.
In the laboratory, clam lengths were recorded and gonadal 
tissue fixed in AFA (95% ETOH, acetic acid, formalin and distilled 
water in a ratio of 100:5:13:82 by volume). The Histology Department 
at VIMS prepared the tissue for microscopic examination by making 
7 y sections which were stained with Delafield's hemotoxylin, counter­
stained with eosin and mounted on slides. These were examined at 
150X and 675X magnification with a light microscope and classified 
into one of five reproductive phases, as defined by Ropes and Stickney 
(1965).
Set collectors consisted of 3,8 liter jars secured to weighted 
linens and were suspended from piers. The mouths of the jars, 10.6 cm 
in diameter, were 50-75 cm above the sediment. Plastic mesh, with
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openings approximately 1 cm square, was secured over the top of 
each jar to keep out predators.
Ten collectors were placed at Gloucester Point beginning in 
March 1970 and ten at Fox Creek in April 1970. The collectors were 
examined biweekly at Gloucester Point until the end of May but only 
monthly from June through January 1971. Fox Creek collectors were 
examined monthly. In January 1971, ice took out all set col­
lectors .
In March 1971, six collectors were installed again at the 
two locations. Sets of three collectors were sampled each week 
until July, and then all were taken up, since setting of Mya had 
ceased in early June. During the first week of October 1971, the 
collectors were put in place once more and alternate sets of three 
sampled each week through February 1973. Contents of each collector 
were washed with sea water in a 250 y sieve and preserved in 5% 
buffered formalin for sorting under a dissecting scope in the labora­
tory. When time permitted, samples were examined in the unpreserved 
state, as movements of newly set clams readily distinguished them 
from sediment and detritus particles.
RESULTS
Reproductive Cycle
Five reproductive phases have been described for Mya based 
upon histological examination of gonadal tissue (Shaw, 1964; 1965a; 
Ropes and Stickney, 1965; R, Porter, 1974). Because development of 
the gonad occurs in a continuous cycle, not in discrete phases, there 
are some interpretative problems caused by transition periods. How­
ever, as described below, the phases are marked by distinguishing 
characteristics. Also, each phase generally persists for a period 
of time sufficient to permit the observer to notice when transition 
to a later phase is beginning.
Male Gonadal Phases
1. Inactive (Fig. 9A) - Follicle cells fill the alveoli and contain 
numerous characteristic male inclusions (Coe and Turner, 1938). 
Occasional primary spermatocytes occur along the alveolar membrane.
2. Active (Fig. 9B) - Various stages of maturing gametes proliferate 
from the alveolar membrane towards the center of the alveoli. 
Primary and secondary spermatocytes lie closest to the alveolar 
wall with spermatids and ultimately spermatozoa lying more towards 
the center. The structure of the follicle cells becomes less 
distinct as a central lumen begins forming in each alveolus and
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Figure 9. Reproductive phases of male Mya and hermaphroditic 
individuals. A-Inactive phase with some spermballs 
(762X), B-Active phase (762X), C-Ripe phase (213X), 
D-Partially spawned phase (213X), E-Spent phase (762.X), 
F-Hermaphrodite from Gloucester Point (213X), G-Male 
alveolus of Gloucester Point hermaphrodite with 
developing ovocyte (762X) and H~Hermaphrodite from 
Bay Tree Point (213X).
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developing gametes become more abundant. Large numbers of 
spermatozoa eventually become arranged in roughly radial columns 
and the number of inclusions decline.
3. Ripe (Fig. 9C) - Spermatozoa, arranged more or less in radial 
columns, occupy most of the cross-sectional areas of the alveoli, 
and there are no inclusions visible along the alveolar membranes.
4. Partially spawned (Fig. 9D) - Follicle cells containing inclusions 
began forming along the alveolar membranes, surrounding con­
centrated spermatozoa in the central lumen. As spawning progresse 
the amount of spermatozoa gradually decreases and the newly formed 
follicle cells occupy an increasing area of the alveolus.
5. Spent (Fig. 9E) - Follicle cells occupy nearly all of the alveolus 
A few unspawned spermatozoa remain scattered throughout the 
alveolus, concentrated towards its center or clumped into sperm 
balls (Shaw, 1965a; R. Porter, 1974). There is no active 
spermatogensis taking place.
Female Gonodal Phases
1. Inactive (Fig. 10A) - Follicle cells normally fill the alveoli 
and contain distinctive female inclusions as described by Coe 
and Turner (1938). A few primary ovocytes are scattered along 
the alveolar membranes.
2. Active (Fig. 10B) - Developing ovocytes with broad bases attached 
to the alveolar membranes begin elongating, taking on a stalked 
appearance. A lumen develops and as ovocytes protrude into it,
Figure 10. Reproductive phases of female Mya. A-Inaccive phase,
B-Active phase, C-Ripe phase, D-Partially spawned phase, 
and E-Spent phase. Magnification: 237X.
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their basal attachments begin ter narrow. The constrictuion of 
the ovocyte base is associated with the ovocyte becoming more 
spherical in shape, A nucleolus and amphinucleolus appear in the 
nucleus of numerous ova,
3. Ripe (Fig. IOC) - the majority of ova are free in the lumen of
the alveolus and spherical in shape. Those remaining attached
to the alveolar membranes have very slender stalks.
4. Partially spawned (Fig. 10D) - In contrast to the alveoli of
ripe individuals, partially spawned clams have a reduced number 
of mature ova in the alveolar lumen. A few ova may still be 
attached to the alveolar membranes. As spawning nears completion, 
follicle cells begin to reform along the alveolar membrane.
5. Spent (Fig, 10E) - Follicle cells are filling in the alveoli and 
occasional primary ovocytes may be seen developing. A few un­
spawned ova in early stages of cytolysis also may occur in the 
lumen of some alveoli.
Histological Cycle
The sequence of gonadal phases at each location clearly 
demonstrated that Mya exhibited distinct spring and fall spawning 
periods in the York River from 1970 to 1972 (Fig. 11). Spring spawn­
ing primarily took place from the latter half of March through most 
of May. Spawning was completed during early June and spawned out 
clams then passed the summer in the spent phase. This phase gradually 
gave way to an inactive phase in which gametes again began developing
Figure 11 Developmental phases of Mya gonads at three locations 
in the York River, males and females combined. The 
percentage of sampled clams in various reproductive 
stages is represented by the length of appropriately 
shaded areas.
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along the periphery of the alveoli. By late August or early 
September active gametogenesis was well underway again, progressing 
rapidly towards the release of gametes in the latter half of October 
and throughout November, The major release of gametes in the fall 
ceased in early to mid December.
Fall spawning was followed by brief spent and inactive phases, 
after which the gonad returned to a state of active gametogenesis.
Since water temperatures were still dropping, the rate of gamete 
development was slower than in early fall. During late December and 
in January small sex cells developed very little until after ivater 
temperatures reached their lowest levels (< 5°C), although an 
occasional clam was found well into the active phase before winter 
minimum temperatures occurred. Once temperatures began to rise in 
February* the rate of gametcgenic activity increased and mature gametes 
were formed in approximately one to two months, as in the fall.
Spring spawning failures were observed in 1972 for both sexes 
at Fox Creek (Fig. 11) and for males at Bay Tree Point (ripe and 
partially spawned individuals shown in Fig. 11 are females). Failure 
to spawn was characterized by clams passing directly from the active 
phase of development to the spent phase. Their developing gametes 
did not mature but were cytolyzed and reabsorbed, As water temperatures 
reached spawning levels during the last week of March and first week of 
April, only male and female clams at Gloucester Point and females 
at Bay Tree Point progressed in gonadal maturation. By the end of 
April, when water temperatures averaged 14-15°C, only these groups
spawned. The remaining groups of clams entered the spent phase 
without spawning.
The sexes showed differences in their degree of ripeness and 
duration of spawning during both the spring and fall maturation cycles. 
Combining the gonadal samples for all locations studied showed that 
in the spring of 1970, when ripe clams were first collected, 2.5% of 
the male clams were ripe as compared to 1% of the females (Fig. 12). 
This distinction was not as apparent during the. spring of 1971 and 
1972. Although the proportion of ripe males was greater than the 
proportion of ripe females during both periods (12% vs. 2% and 10% 
vs. 6%), 2-4% of the females were spawning when the first ripe males 
were collected. During the spring of all three years, 2-6% of the 
male clams sampled were still spawning by 1 June whereas the females 
had completed their spawning. When ripe clams first appeared in the 
fall of 1970 and 1971, the proportion of ripe males exceeded the 
proportion of ripe females (42% vs. 8% and 89% vs. 52%). Unlike the 
spring spawning, fall spawning was completed by both sexes at the 
same time.
After each spring and fall spawning, there were some un- 
spax^ned mature gametes left in the gonads of both sexes. In females 
unspawned ova were cytolyzed within about a month after spawning was 
completed. Males retained unspawned sperm for a much greater length 
of time, carrying it over from the end of one spawning cycle to the 
beginning of the next cycle. The relative abundance of the residual 
sperm appeared to decrease before the clams became fully active again,
Figure 12. Developmental phases of Mya gonads for male and
female clams. Clams from three sampling locations 
have been combined. The percentage of clams in 
various reproductive stages is represented by the 
length of appropriately shaded areas.
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indicating that at least some of these sperm were reabsorbed.
Residual sperm appeared either scattered randomly throughout the 
alveoli or both scattered and clumped together into sperm balls.
The relative abundance of gonadal inclusions in both sexes 
fluctuated over the gametogenic cycle. During the inactive and 
active phases of gametogenesis, follicle cells usually contained 
numerous inclusions. As the alveoli became filled with mature 
gametes, some inclusions cytolyzed, but a massive cytolzation of in­
clusions was never observed. The number of inclusions in each 
alveolus was reduced as the follicle cells containing them broke down 
to form lumena for the maturing gametes. In fully ripe clams no 
follicle cells remained and inclusions were therefore absent. Short­
ly after the gametes began to be released, a layer of follicle cells 
formed along the alveolar wall and these cells contained some in­
clusions. As clams progressed through the spent phase and into the 
inactive phase, the central lumena of the alveoli gradually filled 
again with follicle cells and their inclusions.
Age of Sexual Maturity and Sex Ratio
Mya normally reached sexual maturity by the end of the first 
year of growth when individuals were approximately 35-55 mm in length. 
However, some individuals from the fall set produced mature gametes 
during the following spring at an age of 5-6 months and a length of 
20~3£ mm. These precocious clams were all males and had only a few 
alveoli producing mature gametes. The remainder of the gonad was
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immature. Fewer gametes were produced in comparison to larger, older 
clams. Since clams resulting from the spring set were seldom taken 
in samples of clams for gonadal analysis, it is not known whether 
such clams underwent gametogenesis during their first fall.
Sexually immature clams were observed among juvenile clams 
taken simultaneously with older clams. Immature individuals could 
not be sexed because the follicle cells of their gonads contained 
neither developing gametes nor inclusions characteristic of each sex. 
Adequate numbers of juvenile clams were available only at Fox Creek 
and Gloucester Point in 1970 and at Gloucester Point in 1971 (Table 
4). During 1970 the proportion of immature clams at Fox Creek ranged 
from 24-50% in the spring, while no immature clams were present in 
the fall. At Gloucester Point 62-89% of the juvenile clams examined 
in the spring were immature compared to 19% in the early fall. In 
1971 at Gloucester Point immature clams composed 94% of the juveniles 
samples in July but only 9% of those sampled in early fall.
Chi square analysis indicated that the ratio of male and 
female clams was not significantly different from a 1:1 ratio at 
each sampling location during each year of the study (Table 5), Only 
samples containing all sexually mature individuals were used in 
determining the ratios. Sex ratios of young juvenile clams 7-8 months 
old could not be determined because the available samples contained 
immature clams which could not be sexed. It is noteworthy, however, 
that, in three samples of juveniles taken in April and May 1970 at 
Fox Creek, where the proportion of immature clams was less than at
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Table 5. Numbers of male (M) and female (F) clams occurring in 
random samples at three locations in the York River 
system. The null hypothesis of the Chi Square analysis 
(Sokal and Rohlf, 1969) was that the sexes occurred in 
a 1:1 ratio. All Chi Square values were non-significant 
(P>0.30 in all cases).
1970 1971 1972
M F M F M F
Fox Creek 172 165 
(x2=0.14)
139 137 
(x2=0.01)
57 48 
(x2=0.77)
Gloucester Point 165 166 
(x2=0.00)
170 168 
(x2=0.01)
60 68 
(x2=0.50)
Bay Tree Point 206 212 
(x2=0.09)
158 170 
(x2=0.44)
41 45 
(x2=0.19)
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Gloucester Point (Table 4), there was a combined total of 30 male 
clams among 58 individuals examined, Therefore these juveniles did 
not demonstrate a tendency towards becoming predominantly male 
individuals»
Hermaphrod it ism
Two cases of hermaphroditism were observed in 2,400 clams 
examined from the three study locations, a prevalence of 0,08%.
One hermaphrodite was taken at Gloucester Point on 28 September 1971 
and the other at Bay Tree Point on 6 October 1971, Gametogenesis 
was occurring in both individuals to some degree. Neither clam 
could be classified as being totally a mixed or bilateral her­
maphrodite since both conditions existed in each clam.
The Gloucester Point individual (Fig. 9F) was essentially 
of the mixed type since most of its alveoli were in this category. 
However, there were also present some predominantly male alveoli 
with a few developing ovocytes along the alveolar wall (Fig. SG) 
and several totally male alveoli with no such ovocytes. The totally 
male alveoli were in the active phase of gonadal development rather 
than the ripe phase, which characterized the majority of normal males 
sampled. In the mixed alveoli no active spermatogenesis was observed. 
Rather the male elements present were inclusions and scattered sper- 
matoza, as in the spent phase of a normal male and as observed in 
mixed Mya hermaphrodites by Shaw (1970) and Otto (1972), FemaleM
elements in the mixed alveoli were in an early active phase of
development, behind the ripe phase of most of the normal females 
sampled at the same time,
The Bay Tree Point clam (Fig, 9H) contained approximately 
half totally male alveoli, Most of the remaining alveoli were mixed 
with ripe ova occupying most of the alveolar lumen and bordering 
follicle cells containing male inclusions. Some mixed alveoli con­
tained only one or two mature ova with the remainder of the alveolar 
space containing follicle cells with male inclusions and developing 
spermatocytes. The male elements in these alveoli and in those that 
were totally male were in the active phase of gonadal development 
and not as far along as the normal male clams, which were all in the 
ripe phase. The ripe condition of the female elements was in phase 
with the normal females sampled simultaneously.
Spawning Temperatures
The major spawning of Mya in the York River, during both 
spring and fall, occurred between average water temperatures of 
10°C and 20°C (Fig. 13). In the spring, spawning was underway by 
the time waters reached 10°C, and in the fall spawning was essen­
tially completed when water temperatures declined to this level. 
Conversely, in the spring spawning all but ceased after the water 
temperature exceeded 20°C, and in the fall this temperature generally 
marked the initiation of spawning. The release of gametes twice 
each year was not the result of a single spawning period interrupted 
by high or low temperatures. Each spawning resulted from a complete 
cycle of gonad maturation.
Figure 13. Developmental phases of adult Mya gonads and setting of 
Mya larvae at Gloucester Point in relation to water 
temperature. Mean and minimum-maximum temperature data 
were taken from VIMS records of water temperature 
continuously measured 4.1 m below the level of mean low 
water at the end of the Institute's pier. Intertidal 
temperatures represent average values of temperatures 
recorded with a stem thermometer at the three '’gonadal" 
locations.
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Mya spawned in the VIMS laboratory at temperatures ranging 
from 12-24°C, according to observations recorded by Mr. Samuel 
Rivkin and Mrs. Nancy Windsor. During the fall of 1970 and 1971 
adult Mya, taken from the nearshore zone in the vicinity of the 
Institute, were buried in sediment filled trays supplied with running 
water at ambient York River temperatures, On 20 October and 2 November
1970 clams spawned naturally at water temperatures of 17,0°C and 
18.5°C respectively. On 24 and 28 September 1971 adult Mya spawned 
naturally at respective ambient water temperatures of 19-21°C and 
24°C. Under the same laboratory conditions in the spring of 1971,
Mya spawned on 12 April at ambient temperatures of 12-13°C. It is 
interesting to note that each of these spawnings was first observed 
at approximately 0800 hours, and that the presence of fertilized, 
developing eggs at that time indicated spawning began during the 
preceding hours of darkness.
Setting
Set collectors suspended from piers at Fox Creek and Gloucester 
Point produced significant numbers of set only at the latter location. 
Setting took place at Fox Creek, as documented by the presence of 
juvenile Mya in benthic samples, but the set collectors there only 
trapped occasional larvae. During peak setting periods the combined 
catch of set at Gloucester Point ranged from 20-100 individuals.
These levels of set abundance lasted for periods of 2-4 weeks during
1971 and 1972 (Fig. 13).
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Setting, as recorded by the collectors, was observed in the 
York River over a period of about four weeks during the spring, 
usually from early May to early June (Fig. 13). Fall setting took 
place over a longer period, generally beginning in late October and 
extending through early December, a period of about six weeks. The 
setting pattern was distinctly biraodal and was in phase with the 
pattern of spawning activity observed from histological, examination 
of gonadal material.
Set in the collectors usually ranged betwTeen 0.3-0.6 mm in 
length. However, as spring setting progressed, the relative number 
of set between 0.6-0.8 mm in length increased. Occasionally, clams 
2-5 mm in length appeared, but these likely originated from the pier 
pilings in the vicinity of each collector. Juveniles in this size 
range were found attached to vertical surfaces and to fouling 
organisms by their byssal threads.
New Mya set were identified by the blunt posterior end of 
their shell and the shell’s smoothly sloping posterior shoulders 
(Fig. 14a). Only one other bivalve species, Macoma balthica.
(Fig. 14b), was observed in significant numbers in the collectors 
when Mya was setting. Specimens of this species less than 400 p 
in length were distinguished most easily from Mya set of the same 
size by the fact that the latter's shell was proportionately wider.
With larger specimens, the shapes of the shells of the two species 
were distinctive (Fig. 14).
Figure 14 Recent set of (A) Mya (0.71 mm in length) 
(B) Macoma balthlca (0.94 mm in length).
and
Initial Densities of Juvenlle Clams In the Sediment
In contrast to the annual bimodal spawning and setting of 
Mya in the York River, only one population of juvenile clams 
established itself in significant numbers each year. These clams 
resulted from the fall spawning (Tabic 6), and it is their distri­
bution which is described hereafter, unless otherwise indicated.
The failure of spring-spawned juveniles to establish themselves in 
the sediments, except in very low densities, will be addressed in 
the discussion section.
In 197.1 juvenile clams occurred in greater densities at 
Gloucester Point than at Fox Creek, but in 1972 the latter location 
exhibited the greater densities (Table 7). During the winter (March) 
of 1971 the mean density of juveniles at the Gloucester Point bivalve
stations ranged from 114-431 clams/m ; Fox Creek densities were 
o
2-22 clams/m . In 1972 Fox Creek stations exhibited juvenile
2
densities of 133-518 clams/m while Gloucester Point densities were
20-81 clams/m2.
Spring-spawned juveniles appeared in Gloucester Point bivalve 
samples during the summer of 1972. These clams, 3-7 mm in length, 
were present in mean densities of 1-16 clams/m^ across the sampling 
transect (Table 8). Only one juvenile from the spring spawning 
occurred in samples taken at Fox Creek during the same period. In 
the summer of 1971 only one spring-spawned juvenile was present in 
the^bivalve samples from Gloucester Point, while none were present 
at Fox Creek.
Table
1971
1972
Grand
6. Number of juvenile Mya surviving in the sediment 1-2 months 
after fall and spring spawnings were completed. Values 
represent the total number of newly set juvenile clams in 
24 airlift samples taken during late winter and mid summer 
from each sampling location.
No. Juvenile Mya From 
Preceding Fall Spawn
Fox Ck. Glouc. Pt. Total
33
933
836
155
869
1,088
No. Juvenile Mya From 
Preceding Spring Spawn
Fox Ck. Glouc. Pt. Total
1
23
Total 1,957 24
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Table 8. Density of 1972 spring-spawned juvenile clams 
at Gloucester Point in July 1972. Values 
represent clams per m^. Six samples were taken 
at each bivalve station with the airlift 
sampler. Field data appear in Appendix B,
Table B-4.
Mean Clam Density
Station Density Range
1 9 0-14
2 1 0-7
3 1 0-7
4 16 0-36
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Winter-Summer Decline in Juvenile Clam Density
Juvenile clam populations established by fall-spawned set 
during the winter months experienced dramatic reductions in their 
numbers by summer (Table 7). The extremely sparse population of
O
juveniles (2-22 clams/m ) at Fox Creek in the winter of 1971 dis­
appeared altogether by July. During the same period the moderate 
concentration of 114-431 clams/m at Gloucester Point was reduced 
87-97%.
During 1972 the Fox Creek stations again experienced nearly 
a total loss of the established winter juvenile clam population 
(133-518 clams/m^). By July mean clam densities declined 96-99% 
below those of winter. In the same time span Gloucester Point Stations 
1 and 4 experienced a 100% loss of fall-spawned juveniles while den­
sity reductions at Stations 2 and 3 were 65% and 78% respectively. 
Although the summer (July) airlift samples detected no fall-spawned 
juveniles at Gloucester Point’s Station 1, samples taken in August 
with the water jet device revealed that the year class was present 
at the station in a mean concentration of 7 clams/m^ (Table 9).
However, comparisions must be made cautiously between clam densities 
measured with the two sampling devices because sampling effort with 
the water jet was 6.5 times greater than with the airlift (39 samples 
versus 6 samples) and the sections of bottom sampled were not identical.
The water jet samples also provided evidence of summer clam 
mortalities not caused by predation. At both sampling locations some
Table 9. Density of 1971 fall-spawned juvenile clams at Fox 
Creek and Gloucester Point in August 1972. Values
taken at each bivalve station with the water jet 
sampler. Field data appear in Appendix B, Table 
B-5 and B-8.
Mean Clam Density Mean Clam Density
Station Density Range Density Range
1 4 0-22 7 0-44
2 4 0-22 1 0-7
3 7 0-22 3 0-44
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samples contained bits of pasty, decayed Mya tissue, usually in 
conjunction with a set of empty clam shells (Appendix B, Tables 
B-5 and B-8). Considering the presence of decayed tissue to represent 
a single dead clam, approximately .11% of the total clams taken at 
each location were dead, presumably having died sometime during the 
summer. At Gloucester Point decayed tissue was found only at Stations 
1 and 2, the former having eight such samples and latter four. The 
13 samples containing decayed tissue at Fox Creek were evenly distribut­
ed among the three stations sampled.
Spatial Distribution of Clams
Juvenile clams at both study locations generally exhibited a 
clumped distribution at the bivalve stations sampled across the 
nearshore zone. Coefficients of Dispersion (Sokal and Rohlf, 1969) 
calculated for each station for all sampling periods were greater 
than one, with only three exceptions (Table 10). In the instances 
where the distribution was not clumped, it was even (C.D. < 1). One 
exception occurred in the winter of 1972 at Gloucester Point’s 
Station 2 where 28 clams were distributed among six samples. The 
other exceptions were in the summer when clam densities were very 
low (Fox Creek, summer 1972, Station 1— 2 clams per 6 samples;
Gloucester Point, late summer 1972, Station 2— 7 clams per 39 samples).
Inshore - Offshore Clam Distribution
Based upon airlift samples (Fig. 15), the general pattern of 
juvenile clam (I) abundance at Fox Creek was similar during 1971
Table 10. Coefficients of dispersion (C.D. = —  ) for all 
sampling periods and stations where juvenile Mya 
were present from the immediately preceding fall 
spawning. Six samples were taken at each station 
unless otherwise indicated.
Stations
1 2 3 4
Fox Creek-Winter 1971 3.20 2.23 2.35 1.20
Summer 1971 - - - -
Winter 1972 *2.44 15.48 6.29 1.21
M " Summer 1972 0.90 2.00 2.11 1.51
" 11 Late Summer 1972* 1.63 1.11 1.04 JL. JU A  A
Glouc. Pt.-Winter 1971 57.30 96.60 14.73 1.95
" " Summer 1971 3.52 2.02 1.42 1.56
" Winter 1972 2.20 0.74 9.77 8.25
" " Summer 1972 - 7.66 14.98 -
" " Late Summer 1972* 2.82 0.13 3.17 **
*Number of samples = 39 (water jet samples)
**No samples taken
Figure 15. Relative abundance of Mya year classes at the bivalve 
sampling stations using the airlift sampler. Stations 
1-4 at Fox Creek were 6.5, 25, 55 and 95 m and at 
Gloucester Point 7.5, 22, 59 and 106 m respectively 
offshore from the mean low water mark. Six samples 
were taken at each station. N-total number of Mya 
taken at all stations during one sampling period;
I-Mya from the fall set and within first year of 
growth (winter length, 2-20 mm; summer length, 22-49 
mm); I '-Mya from the spring set and within first year 
of growth (summer length, 3-7 mm); II-Mya estimated 
to be from the fall set and within second year of 
growth (winter length, 48-67 mm; summer length, 56-67 
mm); III-Mya estimated to be from the fall set and 
within third year of growth (winter length, 68-77 mm; 
summer length, 72-82 mm).
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and 1972, especially from the mean low water mark (Station 1) to the 
extreme low water mark (Station 3). During both years there was a 
relative increase in juvenile clam abundance from Stations 1-3, 
except in March 1971 when clams were less abundant at Station 2 as 
compared to Station 1 and during July 1971, when no juveniles 
appeared in the samples. In March 1971 the trend of increasing 
abundance with distance offshore from the mean low water mark con­
tinued out to Station 4, while in February 1972 clam abundance 
declined from Station 3 to Station 4. At Gloucester Point in 1971 
a different juvenile clam distribution pattern existed as clams 
were concentrated at the two inshore stations (Stations 1 and 2).
In March 1972 the Gloucester Point distribution more closely re­
sembled that at Fox Creek for the same period. However, in July 
juvenile clams did not appear in the samples at Stations 1 and 4.
As mentioned previously, an expanded sampling effort in 
August 1972 (water jet sampler) revealed different levels of clam 
abundance at Gloucester Point Stations 1-3 than detected one month 
earlier with the airlift. The inshore-offshore pattern of abundance 
at Gloucester Point also changed with the greater sampling effort.
The "water jet" data showed that juvenile clams (I) were, present in 
greatest abundance at Station 1 with much lower numbers at Stations 
2 and 3 (Fig. 16). This difference between the stations was confirmed 
by a significant H value (H = 7.707) in a non-parametric Kruskal- 
Wallis test performed on the 117 samples taken at all three stations, 
where H was distributed approximately as chi-square (x^) with two
Figure 16. Relative abundance of Mya year classes at the bivalve 
sampling stations using the water jet sampler in 
August 1972. Thirty-nine samples were taken at each 
station. See Figure 15 for explanation of symbols 
and station locations.
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degrees of freedom (Sokal and Rohlf, 1969). The pattern of clam 
abundance at Fox Creek did not change appreciably with the new data 
(Fig. 16), and an even abundance of juvenile clams across the three 
inshore stations was demonstrated by a non-significant H value 
(H 5.531) in a Krushkal-Wallis test performed on the location’s 
August data.
Eelgrass, present in significant amounts at Stations 3 and 4 
at Gloucester Point, largely accounted for the abundance of juvenile 
clains there. The grass was dense and distributed rather uniformly 
over the bottom at Station 4, but was interspersed with patches of 
bare sand at Station 3 (Appendix B, Tables B-.1 through B-5) . This 
permitted a comparison at Station 3 between the proportion of samples 
containing eelgrass and the proportion of total clams taken at the 
station represented by the eelgrass samples during each sampling 
period (Table 11). A proportionately greater number of clams were 
taken in samples containing eelgrass during March of both years.
During summer the small proportion of samples taken in eelgrass 
accounted for all clams collected at the station.
Interspecific Competition
The abundance of all bivalves and bivalve predators associated 
with Mya was also determined (Appendix B). At Fox Creek Gemma gemma 
and Macoma balthica appeared regularly in the airlift samples, except 
for ,the summer of 1972 when only 10 individual Gemma were taken in 
24 samples. Macoma mitchelli, although represented by only a few
Table 11. Gloucester Point, Station 3: Proportion of samples
containing live eelgrass, Zostera marina and the 
proportion of total juvenile Mya collected at the 
station represented by the eelgrass samples. Six 
samples were taken each period except August 1972 
when 39 samples were collected.
Sampling
Period
Percent of Samples 
With Zostera
Percent of Total Juv. 
Clams Collected
March 1971 67% 77%
July 1971 83% 100%
March 1972 33% 46%
July 1972 33% 100%
August 1972 23% 100%
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individuals per sample, appeared fairly regularly at all stations 
except during the winter of 1971. Tagelus plebeius, xanthid crabs 
and small blue crabs occurred infrequently. The greater sampling 
effort with the water jet sampler showed Tagelus to occur more 
regularly at Stations 2 and 3 than had been evident with the airlift. 
Tagelus was essentially absent at Station 1.
Gemma and Macoma exhibited opposite patterns of abundance 
along the sampling transect with Gemma most abundant at the two in­
shore stations, while Macoma exhibited its greatest abundance at the 
two deeper stations, particularly at Stations 4. There were sufficient 
numbers of juvenile Mya collected in the winter 1972 airlift samples 
to compare its distribution with that of Macoma and Gemma (Appendix 
B, Table B-7) by means of the Spearman rank correlation coefficient 
(Siegel, 1956). Mya was not significantly correlated with Macoma 
(rs.05 = 0 .020 for N = 23) but positively correlated with Gemma 
(rs .05 = 0.461 for N = 23).
Gloucester Point exhibited a slightly greater diversity of 
bivalve and predator species than Fox Creek. In the airlift samples 
the only bivalve appearing in abundance other than Mya was Gemma.
The only predators of significance were xanthid crabs, primarily 
Neopanope texana, and the oyster drill, Urosalpinx cinerea, both 
of which were found most regularly at Station 4. At this station 
xanthids were present in average concentrations of 5-25/m^. Average 
densities of Urosalpinx ranged from 23-55/m^ in 1971 and the winter 
of 1972. None were observed in July 1972 after tropical storm Agnes
68.
reduced salinities over the sampling area. Occasionally small blue 
crabs were taken at Stations 3 and 4 in association with eelgrass. 
Although Tagelus appeared only sporadically in the airlift samples, 
the greater number of water jet samples taken in August 1972 showed 
it to occur regularly at Stations 1 and 2 at densities of approximately 
9-10/m2.
The distribution patterns of Mya and Gemma in the airlift 
samples were compared for both winter and summer samples in 1971 and 
winter samples in 1972 (Appendix B, Tables B-l, B-2 and B-3). Samples 
taken during July 1972 (Appendix B, Table B-4) contained too few 
fall-spawned juvenile clams to make a comparison between the species. 
Using the Spearman rank correlation coefficient, a significant cor­
relation (positive) between the species (r = 0.638 for N = 24)
s . ul
was found only during the summer of 1971.
Sediments; Interstitial Salinity and Temperature
Sediments at both locations were predominantly sand and firm 
under foot except at Fox CreekTs Station 4 where the sediment was 
softer. Sediments were sampled in 1971 before airlift samples were 
taken and again several months after airlift sampling was completed 
in July. This was done to determine if differences might occur with 
season or as a result of the airlift sampling technique. Also, if 
significant differences in sediment characteristics were found across 
the transects, the differences might be related to the faunal 
distribution of the inshore-offshore zones sampled. Although the
69.
small sample size did not allow statistical testing of differences
observed between the two periods (February and October), certain
trends were observed (Table 12). Based upon mean station values,
both locations exhibited a decline in the percentage of fine sediment
(silts and clays) from February to October, except at Fox Creek’s
Station 4; however, ranges of sample values overlapped at all
stations except Stations 2 and 4 at Gloucester Point. Opposite trends
occurred with respect to median sediment diameter at each location.
Averaged median diameters decreased at all Fox Creek stations from
February to October while increasing at Gloucester Point during the
same period. Value ranges overlapped at all stations but Station 3
at Fox Creek and Stations 2 and 4 at Gloucester Point. The sediment
sorting coefficient (a n = i^§A~^.^) (Folk, 1968) remained unchanged
u 2
except at Fox Creek, where at Station 1 the mean value declined from 
2.0(p to 1.7(f) and at Station 4 the mean value increased from 2.2(f) to 
4.8(f) from February to October.
The two sampling periods provided a composite description of 
the sediments across the bivalve sampling transects. Because of the 
considerable overlap in the ranges of the sediment parameters cal­
culated, it was felt that pooling the data provided a realistic 
description of the average sediment conditions along each transect.
The pooled data (Fig. 17) showed that both locations exhibited similar 
median grain diameters across the length of their sampling transects 
and that there was no marked change in this parameter from inshore to 
offshore. Sediment sorting tended to improve from inshore to offshore,
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igure 17. Median grain diameter ((j)) , sediment sorting coefficient 
(Oq ) and percent silts and clays from sediment data 
pooled for sampling periods in February and October 
1971 (Table 12). Means (*) and ranges (I) are 
indicated.
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but the differences between stations were probably not significant. 
However, sediments at Gloucester Point were better sorted than at 
Fox Creek. This was expected since the action of waves on the Fox 
Creek stations was restricted by the jetty there. The percentage of 
silts and clays did not change appreciably across the transects, but 
Station 4 at Fox Creek exhibited a greater percentage of fines than 
the same station at Gloucester Point.
In addition to examining the sediments along the transects 
at the two study areas, interstitial salinities and temperatures 
were monitored. At Gloucester Point interstitial salinities were 
discovered to be drastically reduced below salinity levels of the 
waters overlying the sediment out to distances of 20-30 m from the 
mean low water mark. This phenomenon was the result of the water 
table intersecting the beach and has been reported to affect the 
spatial distribution of meiofauna (Jansson, 1962; McIntyre, 1969) 
and probably macrofauna, e.g. Nereis diversicolor (R. Smith, 1955) 
and Mya (Burbanck et al., 1956). Therefore, interstitial salinities 
were measured at each location. At the same time interstitial salinity 
samples were taken, interstitial temperatures were recorded. Summer 
temperatures were of primary interest since Mya occurs near the 
southern limit of its geographical range in lower Chesapeake Bay.
Sediment surface and interstitial salinities over partial and 
complete tidal cycles are presented in Appendix A. Comparing inter­
stitial sampling stations six meters offshore from the mean low water 
at Gloucester Point and Fox Creek showed that the two areas were not
affected equally by the water table (Fig. 18). At the Gloucester 
Point station interstitial salinities at sediment depths of 15 and 
30 cm were consistently 9-13 o/oo below that of the water overlying 
the sediment (14.5-20.6 o/oo). At Fox Creek interstitial salinities 
were the same as those of the overlying water (11.6-17.4 o/oo) except 
in September 1972, when a reduction in salinity of 1.3 o/oo was 
observed at a sediment depth of 15 cm. At the mean low water mark 
at Fox Creek, reductions in salinity of 2-4 o/oo, as compared to the 
overlying water, were detected at 15 and 30 cm in the sediment. Ther 
fore, the freshwater table exerted little influence on interstitial 
salinities at Fox Creek, but significantly lowered salinities at 
Gloucester Point.
The lowering of interstitial salinities at Gloucester Point 
by the water table occurred as far as 20 m offshore from the mean 
low water mark (Appendix A-l). At this point, in the vicinity of 
bivalve sampling Station 2, interstitial salinities at 15 cm in the 
sediment were 0.7-12.8 o/oo below those of the overlying water 
(14.5-20.6 o/oo) and reductions of 6.3-15.2 o/oo were observed at 
30 cm in the sediment. Beyond this point offshore to bivalve Station 
3, no reductions in interstitial salinities were observed during two 
sampling periods in 1971; in 1972 slight reductions of 1.5-2.1 o/oo 
were observed 34 m and 59 m (bivalve Station 3) from the mean low 
water mark.
, Interstitial temperatures were recorded at the same times as 
interstitial salinity samples were taken. Efforts were not made to
Figure 18. Mean interstitial salinities at Fox Creek and Gloucester 
Point during 1970-1972. Specific information about the 
samples taken during each period appears in Appendix A.
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record extreme low winter temperatures because these should not be 
limiting to a boreal species living in Chesapeake Bay. The lowest 
temperatures recorded were in December 1970 when sediment surface 
temperatures of 7,9-9.6°C were found to prevail to sediment depths 
of 30 cm across the nearshore zone 6-20 m from the mean low water 
mark (Appendix A-l).
Extreme summer temperatures were of interest because of the 
possible limitations they might place upon Mya living near the 
beach. Mean sediment surface temperatures of nearly 30°C were 
recorded in August 1970 and July 1971 at Gloucester Point with 
slightly lower temperatures observed at Fox Creek (Appendix A-l). 
The highest range in sediment temperatures was observed at Gloucest 
Point in July 1971 (Fig. 19). Temperatures recorded every three 
hours from high water in the morning through to high water again 
at night showed that mean sediment surface temperatures ranged 
from 29.9°C at a distance of 6 m from mean low water mark (bivalve 
Station 1) to 28.3°C out a distance 59 m offshore (bivalve 
Station 3). Between the sediment surface and 30 cm deep in the 
sediment, a mean difference in temperature of 2.1°C occurred at 
bivalve Station 1, this difference declining to 0.9°C at bivalve 
Station 3. Afternoon temperatures at bivalve Stations 1-3 remained 
above 29.0°C at the sediment surface, 27.0°C 15 cm in the sediment 
and 26.3°C 30 cm in the sediment.
, At distances of 6-13 m offshore from the mean low water 
mark, afternoon sediment surface temperatures remained at 33-35°C
Figure 19. Mean interstitial temperatures at six stations and 
three sediment depths across the nearshore zone at 
Gloucester Point on July 7, 1971. Temperatures were 
measured at five 3-hour intervals over a tidal cycle. 
Data appear in Appendix A-l.
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for several hours while at a sediment depth of 15 cm the temperature 
was 30.4-30.6°C. Clams less than 40-45 cm in length were usually 
buried no deeper than 15 cm in the sediment while larger clams were 
found as deep as 30 cm (to the posterior tip of their shells) (personal 
observation).
DISCUSSION
Spawning Cycle
The bimodal maturation cycle of Mya gonads observed in the 
York River and spawning of clams during the spring and fall between 
average water temperatures of 10-20°C agrees with the Chesapeake 
Bay studies of Pfitzenmeyer (1962; 1965), Shaw (1964; 1965a) and 
Shaw and Eamons (1974) conducted in Maryland waters. In Rhode Is­
land Landers (1952; 1954a) also observed a bimodal spavining for 
Mya during the years 1950-1952, based upon the appearance of larvae 
in the water column. The periods of larval occurrence spanned the 
same temperature range as that observed for spawning in Chesapeake 
Bay. It is not known whether clams between Chesapeake Bay and Rhode 
Island also have two distinct spawning periods each year, since only 
single spawnings have been observed in New Jersey (Belding, 1930; 
Nelson and Perkins, 1931) and Connecticut (Coe and Turner, 1938). 
From Massachusetts to Canada Mya only exhibits a single spawning 
period (Ropes and Stickney, 1965), but spawning still occurs between 
water temperatures of 10-24°C (Pfitzenmeyer, 1962). The constant 
spawning temperature range of the clam along the east coast of North 
America contrasts with the different minimum spawning temperatures 
observed for populations of Crassostrea virginica (Loosanoff and
78.
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Nomejko, 1951) and Aequipecten irradians (Sastry, 1970), both of 
which were studied from areas between Massachusetts and North Carolina, 
essentially within Mya’s geographical range.
Although Mya’s major spawning in the York River took place 
between average water temperatures of 10-20°C, spawning has been 
observed at higher temperatures. At VIMS, Mya held buried in sediment 
and supplied with running York River water at ambient temperatures, 
spawned at 24°C (S. Rivkin, personal communication). Pfitzenmeyer 
(1962) observed early umbone Mya larvae at seven day mean water 
temperatures of 24.8°C in the fall of 1957 and at 23.5°C in the fall 
of 1959. Since temperatures were falling, this indicates that spawning 
occurred at temperatures at least this high. Therefore the total 
spawning temperature range for the clam is more accurately 10-25°C 
in Chesapeake Bay.
The iniation of spawning during hours of darkness observed in 
VIMS laboratory has also been reported by Stickney (1964b). Upon 
stimulating clams to spawn in the laboratory by alternating water 
temperatures between warm and cool levels, he reported that spawning 
occurred at night in most instances. When a single warming cycle was 
used per day, spawning only took place when the warming phase was set 
to occur at night. No other bivalve species is known to limit spawning 
or the initiation of spawning to hours of darkness (J. Dupuy, personal 
communication), and its significance in Mya is not known.
In this study, when ripe clams were first observed during both 
spring and fall, a greater proportion of males were ripe than females.
80.
This difference in the degree of ripeness between the sexes just 
prior to spawning has not been reported in any of the gametogenic 
studies previously done on the clam along the east coast. However, 
the same situation was reported by R. Porter (1974) in Washington 
where the clam has a single spawning period from Hay through 
September. During the second year of Porter's study, ripe males 
first appeared in April, but ripe females were not observed until 
May. In May 78% of the males were ripe compared to 49% of the fe­
males. As in the case of fall spawning in Virginia, both sexes 
completed spawning at the same time. The continuation of spring 
spawning by males (2-6% of sample) after females completed their 
spawning, as observed in the York. River, has not been reported by 
other workers.
Spring Spawning Failures
A very low level of spring spawning (2-4% of all clams examined) 
was observed at Fox Creek and Bay Tree Point in 1971 as compared to 
18-23% of the clams spawning at the same locations in 1970 (Fig. 11).
In 1972 spring spawning failures occurred in both sexes at Fox Creek 
and in males at Bay Tree Point. The period of time which elapsed 
between average winter minimum temperatures and spawning temperatures 
(10°C) in 1970 was 62 days as compared to 40 days in 1971 and 42 days 
in 1972. The time that normally elapsed between maximum summer 
temperatures and fall spawning temperatures (20°C) was approximately 
60 days. Apparently, shorter periods for development of gametes in
the spring can negatively affect gamete development and release. 
However, the effects of these short developmental periods were not 
uniform throughout the estuary, since clams at Gloucester Point 
spawned at essentially equal levels in the spring during all three 
years of the study.
Failure to spawn in one or both sexes of Mya has been reported 
in Chesapeake Bay by Shaw (1964, 1965a) and Shaw and Hamons (1974).
R. Porter (1974) reported the failure to spawn of many female clams 
examined in Oregon during 1972 while spawning of both sexes occurred 
in 1971. Pfitzenmeyer (1965) attributed the degree of Mya’s gamete 
production in the spring to the number of days water temperatures 
remained in the range necessary for gamete development. He found 
relatively fewer gametes produced in Mya during the spring of 1960 
when only 40 days elapsed between minimum winter temperatures and 
spawning temperatures (12°C), as compared to 1959 when the same 
period was 80 days long.
Sex Ratio
The 1:1 sex ratio of mature clams agrees with the findings of 
Coe and Turner (1938) and R. Porter (1974). While the possibility 
of protandry was not conclusively eliminated, neither was there any 
evidence for a majority of young clams 19-35 mm in length to develop 
predominantly into only one sex. On the contrary, although juvenile 
male clams appeared to mature ahead of females, males only composed 
51.7% of a sample of 58 clams in this size range examined from Fox
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Creek over a 30 day period during the spring of 1970. Coe and Turner 
(1938) reported that once well nourished clams reached a length of 
20 mm they differentiated into approximately equal numbers of males 
and females.
Hermaphroditism
The two hermaphroditic Mya observed in 2,400 sexually mature 
clams fall in the category of accidental functional arabisexuals under 
the classification of Coe (1943). Coe and Turner (1938) found only 
three hermaphroditic Mya among over 1,000 adult individuals in 
Connecticut, Shaw (1970) found one among 36 clams examined in Oregon,
Otto (1972; 1973) found ten among 1,311 clams examined in upper 
Chesapeake Bay and R. Porter (1974) found one among 1,739 mature clams 
in Washington. No hermaphrodites were observed among more than 800 
clams collected from the Tred Avon River, Maryland (Shaw, 1964, 1965a) 
and more than 700 clams collected by Pfitzenmeyer in the Patuxent 
River, Maryland (Shaw, 1970). Ropes and Stickney (1965) found no 
hermaphrodites in more than 1,400 Mya collected from Maine to 
Massachusetts. The rare occurrence of hermaphroditism in Mya means 
that the species does not normally change sex, as in species of the 
genus Ostrea (Orton, 1927; 1933) and to some extent in Crassostrea 
virginica (Needier, 1932a, 1932b, 1942).
Otto (1972, 1973) found 0.76% of subtidal Mya sampled in 
Maryland to be hermaphroditic and suggested that this relatively 
high rate of incidence was the result of stress or environmental
conditions found near the southern limit of the clam's geographical 
range. This tentative conclusion is not supported by the results 
of this study, in which only 0.08% of the clams sectioned were 
hermaphroditic. The York River clams, in addition to their more 
southern location, were taken from around mean low water mark. These 
clams were likely living under the most rigorous environmental con­
ditions experienced by the species throughout its geographical range, 
since in winter ice may cover the flats and during summer water 
temperatures may exceed 35°C.
Setting
The phenomenon of a longer fall setting period (6 weeks) as 
compared to the spring period (4 weeks) is not unique to the York 
River. Pfitzenmeyer (1962) and Shaw (1965b) also observed similar 
differences in the two setting periods in Maryland. Pfitzenmeyer 
(1962) noted that on the average Mya larvae were in the water column 
for approximately three weeks during spring and six weeks during fall.
The period of time spent in the water column by individual Mya 
larvae prior to setting probably shortens progressively as spring 
spawning proceeds from mid March through May and lengthens as fall 
spawning proceeds from mid October through November. Temperatures 
during these respective periods are rising from 10°C to 25°C and 
falling again through this range. As long as the larval food supply 
is adequate, the warmer end of the spawning temperature range should 
enhance the rate of larval development and shorten the time required
84.
for larvae to reach the size at which metamorphosis occurs. For Mya 
this is usually 200-210 p but occasionally metamorphosis takes place 
between lengths of 197-180 y (Stickney, 1964b; Loosanoff et^  at. , 1966; 
Chanley and Andrews, 1971). Stickney (1964b) found that Chesapeake 
Bay Mya larvae grown in the laboratory at temperatures of 11°C and 
14°C only reached lengths of 126-143 y in 18 days, while those grown 
at 24°C were 193-200 y in length after 14 days and had metamorphosed 
in 18 days.
Although Mya's larval period could not be defined accurately 
by the methods of this study, estimates are available from work done 
in VIMS larval culture laboratory during the course of this study.
Larvae derived from naturally spawning adult clams held in sediment 
in running 'water metamorphosed within 12 days of fertilization of the 
eggs during October 1970 and within only 7 days in April 1971 (S.
Ravkin, personal communication). In both instances, the larvae were 
maintained at approximately 23°C in filtered York River water. The 
culture water was changed three times each week and the larvae fed 
daily with Monochrysis luteri. These findings are supported by 
Pfitzenmeyer’s (1962) estimate of 1-2 weeks for the average larval 
period, which he based upon the time difference between the first 
appearance of free-swimming larvae in the field and set in collectors.
Mortality of Juvenile Clams
. Initial juvenile clam densities observed at Gloucester Point 
in March 1971 (114-431/m^) and Fox Creek in February 1972 (133-518/m^)
would not have been considered a good set (3,400 clams/m^) in New 
England, according to Turner (1948). However if these juveniles 
had experienced a low rate of mortality and reached adult size, 
their densities would have been considered commercially productive 
(100-260 clams/m ) in Maryland (Manning and Dunnington, 1955).
Survival of juvenile populations in the York River was very 
poor, as demonstrated by observed winter-summer density reductions 
of 65-100% for fall-spawned juveniles and the almost total failure 
of spring-spawned juveniles to become established in the sediment. 
Winter-summer reductions in fall-spawned juvenile densities at Fox 
Creek were 96-100% during the two years samples were taken and 
88-97% during 1971 at Gloucester Point. The smallest winter-summer 
decline observed during the study was 65% at Gloucester Point's 
bivalve Station 2 during 1972.
The drastic declines observed in the York River juvenile clam 
populations might be attributable to any number of factors acting 
alone or in concert on the species, such as predation, disease, 
parasitism or excessive physiological stresses. However, predation 
is the primary factor considered responsible for clam mortalities in 
New England (Turner, 1948; Hanks, 1963) and probably assumes the same 
role in Virginia (Haven, 1970). Muus (1973) observed the disappearanc 
of heavy sets (500-4000 individuals/m) of three species of bivalves 
among eleven studied in Danish waters and attributed the losses to 
precjation. Both macrobenthic (Vernstein, 1976) and potentially 
meiobenthic (Thorson, 1966) predators have been shown to exact heavy
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losses on newly set bivalves. Thermal and osmotic stress also may 
account for some mortality of clams and will be discussed later.
The blue crab, Callinectes sapidus, was strongly implicated 
as being the major predator contributing to the juvenile clam 
mortalities observed during this study. An example of probable crab 
predation on a natural clam set was observed in the spring of 1973.
An extremely heavy set of Mya from the fall spawn was found concentrated 
just below the mean low water mark in the Ware River during April.
Three 145 cm cores taken among these clams on 24 April revealed clam 
densities of 4,360-6,OOO/m^, the clams ranging in length from 4-18 mm. 
Four cores taken on 30 May revealed no clams. Bits of broken shell 
were observed scattered over the sediment surface and crabs were pre­
sumed to be responsible for the disappearance of the clams.
Through caging experiments conducted in the field at Gloucester 
Point, Vernstein (1976) demonstrated the capability of the blue crab 
to totally destroy populations of Muiinia lateralis and newly set 
juvenile Mya, likewise living near the sediment surface. Older 
juvenile clams, averaging 25 mm in length and protected by a cage, 
were presumably destroyed by a crab that got inside the enclosure.
Clams this length are usually buried 7-9 cm below the sediment surface 
(personal observation).
Although only an occasional blue crab appeared in the airlift 
samples, crabs were much more abundant than the samples indicated 
duripg the warm months of the year. Blue crabs were always observed 
along the transects while sampling in the summer. At Fox Creek a
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commercial crabber fished a crab (peeler) pound erected about 50 m 
from the sampling transect during both summers of the study.
After burying themselves in the mud during winter, crabs resume 
their foraging activity and move into shallow water by the time water 
temperatures reach 15°C (W. Van Engel, personal communication), the 
same period during which Mya's spring spawning and setting are taking 
place. Set are probably destroyed by crabs almost as soon as they 
settle on the bottom. Vernstein (1976) demonstrated that spring-spawned 
clams established themselves in the sediment and survived the summer 
at Gloucester Point if they set in cages where they were protected 
from macrobenthic predators.
Although fall-spawned clams establish themselves in the. sediment 
during late fall when crabs have general],y left shallow water, they 
are not sufficiently deep in the sediment by spring to avoid predation 
from the returning crab population. Juvenile clams from the fall 
spawn ranged from 22-49 mm in length when sampled in July and were 
buried 6-16 cm below the sediment surface (personal observation).
This depth is within the digging capabilities of the blue crab 
(Dunnington, 1956; Orth, 1975a).
Blue crabs have been observed to dig out of the sediment and 
eat clams up to approximately 40 mm in length and to make holes 
6-1.2 cm deep in the bottom, apparently at random, in quest of prey 
(Dunnington, 1956; C-arriker, 1959; Orth, 1975a). The only natural 
limitations on this digging activity and the resulting predation on 
infauna is the presence of coarse sediment or rooted vegetation, which
interferes with the ability of the crab to make significant 
excavations in the bottom (Carriker, 1959; Orth, 1975a), Additions 
of coarse aggregate material, e.g. crushed shell or stream bed gravel 
(pea gravel), to the bottom has been demonstrated to help protect 
small Mya and Mercenaria from predation by blue crabs (Castagna, 1972; 
Haven, personal communication; personal observation).
In addition to the predation pressure of blue crabs on Mya, 
Gloucester Point’s Station 4 exhibited concentrations of oyster drills 
(23-55/m2) capable of destroying newly set clams during spring and 
fall spawning periods. Low levels of predation by the drill,
Urosalplnx cinerea, on small Mya have been reported (Kellogg, 1901; 
Belding, 1930; Turner, 1948; Haven, 1970). Urosalpinx has been observed 
to feed in Virginia waters at average water temperatures as low as 
6.5°C, but feeding activity normally does not commence until temperatures 
climb to 9°C (Carriker, 1955). Therefore, drills are feeding when Mya 
larvae begin setting in the spring and feed throughout the setting 
period in the fall. Predation on Mya by Urosalpinx only occurs when 
the clams are very small and either on, or just below, the sediment 
surface, since the drill normally does not burrow in the sediment 
when feeding (Carriker, 1955). Clams up to 12 mm in length continue 
to expose themselves to possible attacks by drills and mud crabs at 
the sediment surface by not remaining buried and moving horizontally 
across the substrate (0. Smith, 1955).
, Xanthid crabs also may have reduced densities of newly set 
clams, since laboratory experiments have demonstrated that xanthids
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(Neopanope texana) will break open and consume young hard clams, 
Merceaaria mercenaria, less than 10 mm in length at water temperatures 
as low as 11-12.5°C (Landers, 1954b). Carriker (1959) observed xanthid 
predation on small hard clams held in coarse wire enclosures in the 
field. Another xanthid species, Rithropanopeus harrisi, was indicted 
by Hanks (1968) as the major factor controlling Mya populations in 
man-made salt water ponds at Oxford, Maryland. Crab densities were 
estimated at 33/m~ in the ponds; xanthid density at Gloucester Point’s 
Station 4 averaged 5-25/m .
Several other clam predators were observed at Gloucester Point 
that might have contributed to the decline of juvenile Mya populations. 
Two specimens of the channeled whelk, Busycon canaliculatum, were taken 
at Station 4 during 1971. In laboratory experiments Carriker (1951) 
observed Busycon consume Mya when specimens of Mytilus edulis, M. 
mercenaria and Ensis directus were also available to the whelk. How­
ever, only 3 Mya were consumed compared to 69 Mytilus, 17 Mercenia 
and 1 Ensis, so that the soft clam may not be a preferred prey. The 
cownose ray, Rhinoptera bonasus was also observed on occasion in the 
vicinity of Gloucester Point. Rhinoptera is reported to prey on Mya 
(Wallace et al, 1965) and has been observed to destroy large concen­
trations of juvenile clams (60-1000/m^) living in patches of eelgrass 
(Orth, 1975b).
Drills, xanthid crabs, whelks and cownose rays, while significant 
predators on Mya, are not likely to have the same overall detrimental 
impact on clam populations as blue crabs because of the crab's abundance
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throughout the estuary and its demonstrated capacity for destroying 
both small and large clams. In addition, although drills and xanthids 
are active on clam beds over approximately the same months as blue 
crabs, the former can prey upon Mya only when it is on or very near 
the sediment surface. Mya less than 12 mm in length frequently move 
about at the sediment surface (0. Smith, 1955; personal observation), 
but once they exceed this length they normally remain buried in the 
bottom and are beyond the reach of drills and xanthids. However, the 
blue crab continues to prey on clams buried 6-12 cm in the substrate.
Temperature and Salinity Stress
Occasionally dead clams, which had just begun to decay, were 
taken in summer gonadal clam samples. The intact shells of these 
clams, like those containing decayed tissue in the water jet samples 
in August 1972, indicated that the clams died from some other cause 
than crab predation. While disease and parasitism could not be ruled 
out as the cause of death, a likely possibility was that these clams 
died from thermal stress, since the York River is near the southern 
limit (North Carolina) of the species’ range.
Summer water temperatures potentially lethal to Mya occurred 
near the low water mark in the York River. For a period of several 
hours on July 7, 1971, sediment surface temperatures measured at 
Gloucester Point’s Station 1 exceeded median upper lethal temperatures 
observed for Chesapeake Bay clams by Kennedy and Mihursky (1971). For 
clams acclimated to 25°C and exposed to various temperatures for 24 hour
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periods, upper lethal temperatures were found to be approximately 
34°C for both newly set (1.5-4 mm) and young clams (14-23 mm) and 
32°C for adults (45-76 mm). Experimental salinities ranged from 
approximately 11.2-17 o/oo, the salinity range at which the clams 
were collected. The Gloucester Point temperatures at Station 1 
(6-13 m offshore from the mean low water mark) ranged up to 33-35°C 
at a salinity of 11-12 o/oo (Appendix A, Table A-l, July 7, 1971). 
Temperatures at 15 cm in the sediment never exceeded 30.6°C, showing 
that the potentially lethal temperatures were restricted to the upper 
sediment layers.
Kennedy and Mihursky (1971) also found that as clams approached 
their upper lethal temperature, a 1°C rise in temperature sometimes 
meant the difference between no mortality and 100% mortality. This 
finding strengthens the possibility that fall-spawned juvenile clams, 
buried 6-16 cm in the sediment during their first summer (personal 
observation), are periodically subjected to thermal stress, even to 
the point of causing mortalities. During summer, spring-spawned 
juveniles surviving predation are buried 1-6 cm below the sediment 
surface and are also probably stressed when low water occurs during 
the afternoon of calm, hot days.
In the lower Chesapeake Bay salinity fluctuations do not pose 
as great a problem for Mya as summer temperatures, although low 
salinities have been shown to reduce the tolerance of clams to high 
temperatures (Kennedy ejt ajL, 1969). Mya is an isoconformer (Hegemann, 
1964, as cited in DuPaul and Webb, 1970), but has the ability to
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completely regulate intracellular volumes (Lange, 1970). This 
permits the species to sometimes withstand immediate drops in 
salinity from 27 o/oo to 2.5 o/oo, although such precipitous reductions 
can also cause mortalities (Chanley, 1957). When clams held at 27 o/oo 
were first conditioned by Chanley to 12.5 o/oo, then their salinity 
regime reduced 2.5 o/oo per week to a final salinity of 2.5 o/oo, 
no mortalities resulted.
Temperature and salinity do not affect an organism independently 
of each other, but act in concert. For example, while low salinities
may be not deleterious to an organism at low temperatures, the reverse
might be true at high temperatures, as demonstrated for oysters by 
Loosanoff (1948). Kennedy et_ al (1969) found that when Mya (4-13 mm) 
was acclimated to 11 o/oo and held for 24 hours at various combinations
of temperature (28, 30, 32, 34 and 36°C) and salinity (11, 8, 4 and
1 o/oo), a combination of 1-4 o/oo and 30°C produced 100% mortalities; 
mortalities at this temperature and higher salinities were significantly 
less. No significant mortalities were observed at 8 o/oo, although 
significant mortalities (as compared to controls) occurred at 11 o/oo.
At 32°C, 100% mortalities were obtained at 1-8 o/oo, and at 34-36°C 
total mortalities resulted at all salinity levels. A salinity of 
1 o/oo produced total mortalities at all experimental temperatures, 
and at 4 o/oo some mortalities even resulted at 26-28°C.
Considering the findings of Kennedy _et_ a_l (1969), the 11% clam 
mortality observed in the August 1972 water jet samples could have 
resulted from the salinity-temperature combinations existing in the 
nearshore zone immediately following tropical storm Agnes. After
Agries, while sub-surface water temperatures in the nearshore zone 
averaged 24-25°C (VIMS pier data), salinities at Gloucester Point 
dropped to approximately 5 o/oo for nearly one week, and at Fox 
Creek to 2-6 o/oo for about two weeks (VIMS data). Kennedy et al 
(1969) observed some Mya mortalities at 4 o/oo and temperatures of 
26-28°C.
Low interstitial salinities at Gloucester Point, prevailing 
only at Stations 1 and 2 (6 m and 20 m from the mean low water mark - 
Appendix A, Table A-l), might have contributed to post-Agnes clam 
mortalities. Dead clams were present at the two inshore stations, 
but not at Station 3. Sediment temperatures 15-30 cm in the sub­
strate varied less than 1°C among the three bivalve stations during 
both July 1971 and September 1972 (Appendix A, Table A-l). There­
fore differences in the degree of stress on clams at the stations 
were likely the result of differences in the interstitial salinity 
regimes.
Aside from unusual salinity reductions due to storms such as 
Agnes, clams in the vicinity of bivalve Stations 1 and 2 at Gloucester 
Point were exposed to low interstitial salinities whenever they 
stopped pumping or were exposed at low tide. Harrigan (1956) demon­
strated a significant decline in the pumping rate of Mya when 
temperatures were raised from 28°C (average pumping rage = 26.8 
ml/Min./clam) to 32°C (rate = 14.8 ml) and again to 34°C (rate =
5.2 ml). Therefore, high summer water temperatures of 34-35°C, as 
measured at Gloucester Point in July 1.971, might have caused clams 
to cease pumping and become influenced by the low interstitial 
salinities of 4-9 o/oo.
The previously described interstitial conditions, when combined 
with high summer temperatures, might have resulted in occasional 
clam mortalities at Gloucester Point. However, because adult clams 
survived in the zone of low interstitial water (Fig. 15 and 16), 
lethal temperature - salinity combinations must not have occurred 
often, or at least for sufficient periods of time, to cause total 
mortalities. In addition, since the population levels of eight month 
old juvenile clams (Table 7, July samples) and clams two or more years 
old (Appendix B, Table B-5 and B-8) at Gloucester Point were equal 
to or greater than those at Fox Creek (where interstitial salinities 
were not significantly affected by the water table), such mortalities 
were probably rare.
Spatial Distribution of Clams
The clumped distribution of juvenile Mya at nearly all stations 
during each sampling period, even when densities were low, is the 
same as that observed for the species in other areas. Gaucher (1965) 
in Rhode Island and Munch-Petersen (1973) in Denmark found that 
juvenile and adult clams in shallow subtidal areas exhibited a clumped 
distribution. The same spatial pattern was observed for adult Mya 
studied intertidally in Massachusetts and was attributed to variations 
in the substrate (Connell, 1955).
Inshore-Offshore Distribution of Clams
The distribution of fall-spawned juveniles in the nearshore 
zone during the winter and early spring is dynamic. As mentioned
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previously, clams up to 12 mm in length move about considerably over 
the surface of the sediment (0. Smith, 1955; personal observation).
These small clams push themselves out of the sediment and move over 
the sediment surface by extending the foot, expanding its distal end 
and then pulling themselves forward. Small clams crawl on the 
sediment more than larger clams. In addition to spending significant 
periods of time on the sediment surface, this size clam only burrows 
down 1.-2 cm in the sediment (personal observation) . These two factors 
subject young clams near the shore to the effects of shoaling waves. 
Coarser particles thrown into suspension under shoaling waves ex­
perience a net displacement shoreward and Matthiessen (1960b) has 
shown that as juvenile Mya in such an environment exceed a length of 
5 mm they are carried shoreward. Like the largest particles on the 
beach, the clams are concentrated at the break in the beach profile 
where the slope of the beach increases suddenly (considered the 
mean low water mark in the York River).
At Gloucester Point in 1971, fall-spawned juveniles were most 
abundant in both the winter and summer samples in the zone from the 
mean low water mark to 28 m offshore (bivalve Stations 1 and 2).
During the winter of 1972 juveniles were distributed with their 
greatest numbers 53-112 m from the mean low water mark (bivalve 
Stations 3 and 4). By summer, although not detected with the airlift 
in July, fall-spawned juveniles were found to be concentrated at 
Station 1, using the water jet in August (Fig. 16). Older year 
classes of Mya were also in greater abundance at Station 1 than at
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Stations 2 or 3. This concentration of clams near the mean low water 
mark is considered the result of the net transport of clams towards 
the beach by wave action, as described by Matthiessen (1960b). The 
waves most likely responsible for this transport are those generated 
by northwest winds, which are prevalent during fall, winter and early 
spring (Havens eP al_, 1973).
In comparison to adjacent unvegetated areas, bottom areas 
supporting eelgrass have been demonstrated to contain a greater 
abundance of clams (Orth, 1975a), and the association of juvenile 
clams with eelgrass was indicated in this study. In 1972, if eel­
grass at Gloucester Point’s Station 3 had been as abundant over the 
water jet sampling area as it was in the airlift area, the inshore- 
offshore distribution pattern of clams probably would have been 
different. Only 5 water jet samples of 26 outside the airlift area 
contained Zost era compared to 7 of 13 inside the area. If only water 
jet samples uaken within the airlift sampling area are considered 
(Appendix B, Table B-5), the respective mean clam densities at 
Stations 1 and 3 (14 and 15 samples respectively) would be 4 and 
9 clams/m^, the reverse relationship of the results using the total 
39 samples. Under the same condition, the density at Station 2 would 
remain unchanged (1 clam/m^).
In 1971 eelgrass did not appear to have the same effect on clam 
distribution, although it was present in 4 of 6 and 5 of 6 airlift 
samples at Station 3 in March and July, as compared to 2 of 6 samples 
during both sampling periods in 1972. Possibly clams initially set
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in greater numbers at Stations 1 and 2, reducing the relative effect 
of the grass. Vegetation was also present in small amounts at 
Station 2, but it appeared in approximately the same number of air­
lift samples during each year (three in 1971 compared to one in 
1972).
Juvenile and adult Mya at Fox Creek were not concentrated near 
the mean low water mark as at Gloucester Point, but were more evenly 
distributed between the beach and the extreme low water mark (Station 
3). The difference between the distribution patterns of the two areas 
was probably the result of the jetty at Fox Creek protecting the in­
shore 60 m of the sampling transect from northwest winds. However, 
wave action seemed to still affect the inshore-offshore pattern of 
clam abundance, since during 1972 a trend existed for juvenile clams 
to occur in greater relative abundance at Station 3 than at the two 
inshore stations (Figs. 11 and 12).
Sediment diameters and sorting were greater at Fox Creek’s 
Station 3 than at the stations inshore and offshore. These differences 
in sediment parameters between stations were more pronounced at Fox 
Creek than at Gloucester Point and demonstrated the effect of the 
jetty on the inshore portion of the study area. It may be that 
northwest-wind generated waves moved clams from farther offshore, 
where the bottom changed slope very gradually over hundreds of meters 
distance, into the vicinity of Station 3. The remainder of the 
transect was in the lee of the jetty, and this resulted in juvenile 
clams not being carried any closer to the beach.
In addition to the nearshore zone clam distribution being 
affected by hydrodynamic forces, biological interactions can 
influence the ultimate distribution of young clams. Several 
studies in New England demonstrated an inverse relationship between 
Mya and Gemma gemma (Bradley and Cook, 1959; Sanders et^  al_., 1962).
In the York River nearshore zone either no relationship could be 
detected (winter 1971 and 1972 at Gloucester Point) or a positive 
relationship was observed (summer 1971 at Gloucester Point and winter 
1972 at Fox Creek). The inverse relationship observed in New England 
was hypothesized to be the result of either competition for food be­
tween the two species or the destruction of Mya larvae by the water 
filtering activity of the dense Gemma populations (40,000-300, OOO/m*6). 
For the range of Gemma densities observed, it was estimated that the 
small clams collectively filtered 16-92% of the bottom water passing 
over them. It is probable that this type of competitive interaction 
did not occur in the York River because of the low Gemma densities
ey
observed (70-300/m-). A possible inverse relationship between Mya 
an^ Macoma balthica was suggested by Dexter’s (1947) observations on 
intertidal flats in Massachusetts. No such relationship was observed 
at Fox Creek in the York River, where Macoma was taken consistently.
Clam distribution might also have been affected by predation, 
since Stations 1 and 2 were exposed 3.2-8.6% of the year as compared 
to 0.1-1.5% for Stations 3 and 4. This difference meant that predators 
would have had more opportunity to feed on clams at the offshore 
stations. In addition, drills and xanthid crabs were concentrated
at these stations at Gloucester Point. Hancock (1960) suggested 
that whelks, along with other predominantly subtidal predators, 
might be partially responsible for restricting the distribution of 
cockles and mussels to the intertidal zone. However, the transect 
stations in this study were largely subtidal in character, and their 
differences in degree of exposure small enough that blue crabs had 
nearly the same opportunity to prey on clams at all stations. By 
summer at Gloucester Point, surviving fall-spawned juvenile Mya 
were largely restricted to the zone immediately below the mean low 
water mark. Such was not the case at Fox Creek, although blue crabs 
were abundant at both locations. This suggests that wave action, 
not predation, was the primary factor responsible for Gloucester 
Point’s pattern of clam distribution.
SUMMARY
Mya populations in the vicinity of the mean low water mark 
at three locations in the York River exhibited distinct spring and 
fall cycles of gonad maturation and spawning. In the field biannual 
spawning took place between average water temperatures of 10-20°C, 
while a few clams spawned naturally in the laboratory between 12-24°C. 
This spawning temperature range of 10-24cC was the same as observed 
for the clam from Maryland to Canada (Pfitzenmeyer, 1962), and the 
biannual spawning periods corresponded with those reported in 
Maryland (Pfitzenmeyer, 1962, 1965; Shaw, 1965a,b; Shaw and Hamons, 
1974) and Rhode Island (Landers, 1952; 1954a).
Immediately prior to spawning in spring and fall, a greater 
proportion of males were ripe as compared to females, a phenomenon 
also noted by R. Porter (1974) at the beginning of the single, annual 
spawning in Washington during the second year of his study. When 
spring spawning ceased in the York River, a few male clams continued 
spawning for several weeks after the females were spawned out (in 
the spent phase). During fall both sexes ceased spawning at the same 
time.
Spring spawning failures occurred during 1972 in both sexes at 
Fox Creek and in males at Bay Tree Point. Maturing gametes were
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reabsorbed rather than developing into mature sex cells. In 1971 
only very light spawning activity was recorded at these locations.
Spring spawning failures have been reported in the upper Chesapeake 
Bay by Shaw (1964, 1965a) and Shaw and Hamons (1974), as well as by 
R. Porter (1974) in Washington. The aberrant spring spawning activity 
observed in the York River took place during years when the period 
between minimum winter water temperatures and spawning temperatures.
(10°C) was approximately 40 days. The same period during 1970 lasted 
62 days, and a significant proportion of both sexes spawned at all 
three locations sampled. Pfitzenmeyer (1965) observed fewer gametes 
in Maryland clams during spring of 1959, when only 40 days elapsed 
between winter-minimum and spawning temperatures, as compared to 80 
days in 1960.
Sexual maturation was achieved within the first year of life, 
by the time clams reached an average length of 35-55 mm. However, 
some fall-spawned clams matured by their first spring when only 
5-6 months old and 20-35 mm in length, and a few males released 
mature sperm at this time. Sexes occurred in a 1:1 ratio; there 
was no evidence to indicate protandry or that individuals changed 
sex. The level of hermaphroditism in the populations studied was 
0.08%, an order of magnitude lower than the level reported by Otto 
(1973) for subtidal, Maryland clam populations.
Setting of Mya larvae took place over a period of approximately 
four weeks in the spring and six weeks in the fall. This was probably 
the result of the effect of the respective season's temperature regime
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on the growth rate of the clam larvae. Pfitzenmeyer (.1962) and 
Shaw (1965b) observed a similar distinction between the two setting 
periods in Maryland waters.
Juvenile clams established in the upper portion of the nearshore 
zone experienced severe reductions in their numbers during both years 
that clam densities were monitored. In 1971 winter densities of fall- 
spawned juveniles at Fox Creek (2-22 clams/m^) and Gloucester Point 
(114-431 clams/m^-) were reduced 100% and 87-9/% respectively by mid 
summer. In 1972, winter densities of newly set clams at Fox Creek 
(133-518 clams/m^) and Gloucester Point (20-81 clams/m^) declined 
96-99% and 65-100% respectively by mid summer. Spring-spawned clams 
were present in significant numbers only at Gloucester Point in 197 2
ty
when July densities were 1-16 clams/m^. Clams from the spring set 
seldom survived until fall in the sediments.
Observations on the digging activity of the blue crab and 
its predation on Mya (Dunnington, 1956; Carrilcer, 1959; Orth 1975a; 
Vernstein, 1976; personal observation) suggested that the drastic 
declines observed for the spring and fall clam sets were primarily 
the result of the crab's activity and abundance throughout the estuary. 
Other predators also contributed to the decline of juvenile clam 
populations, such as the oyster drill, xanthid crabs, whelk and cow- 
nose ray.
Reductions in juvenile and adult clam populations might also 
have,resulted from potentially lethal combinations of high summer 
temperatures and low salinity conditions in the shallow-water
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environment examined in this study. On July 7, 1971, at Gloucester 
Point’s bivalve Station 1 (6-13 m offshore from the mean low water 
mark) sediment surface temperatures ranged up to 33-35°C for several 
hours at a salinity of 11-12 o/oo. Kennedy and Mihrusky (1971) 
demonstrated that at salinities of 11.2-17 o/oo, the median upper 
lethal temperature for Mya less than 24 mm in length was approximately 
34°C and for clams 45-76 mm in length, the upper limit was 32°C.
If the conditions measured in the field had persisted long enough, 
clams living near the sediment surface might have suffered mortalities.
In addition to potentially lethal temperature-salinity combinations 
occurring near the sediment surface, Gloucester Point's Stations 1 
and 2 exhibited low interstitial salinities as a result of the water 
table intersecting the beach. In combination with high summer 
temperatures, these low salinities might have stressed older juvenile 
and adult clams buried 15-30 cm in the sediment. Interstitial 
salinities of 4.4-8.9 o/oo persisted at Station 1 15-30 cm in the 
sediment compared to sediment surface salinities of 14,5-20.6 o/oo). 
Kennedy al^  (1969) found that Mya (4-13 mm in length) suffered 100% 
mortalities when exposed for 24 hours to a salinity-temperature 
combination of 4 o/oo and 30°C. Some mortalities also resulted at 
4 o/oo and 26-28°C. At these same temperatures no significant 
mortalities (as compared to controls) were observed at 8 o/oo, al­
though significant mortalities occurred at 11 o/oo. On one occasion 
in August 1970 and July 1971, temperatures 15-30 cm in the sediment 
at Gloucester Point's Stations 1 and 2 ranged from 26.3-30.4°C. If
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the interstitial temperature-salinity combinations had persisted 
long enough, they might have caused clam mortalities.
No significant clam mortalities were observed at either study 
location until after tropical storm Agnes passed through the Chesapeake 
Bay drainage basin in late June 1972. In August 1972 11% of the clams 
taken at each location were dead, their shells containing remnants 
of decaying tissue. These mortalities might have resulted from 
thermal-osmotic, stress interactions, since Agnes reduced salinities 
at Fox Creek to 2-6 o/oo for approximately two weeks and to 
approximately 5 o/oo at Gloucester Point for one week. Water 
temperatures averaged 24-25°C at the time and were probably higher 
near the shore. If the interstitial conditions previously described 
placed stress on clams, particularly during extreme low tides, this 
might have contributed to the post-Agnes mortalities. As mentioned 
before, Kennedy et^  ail (1969) observed some Mya mortalities at 4 o/oo 
and 26-28°C.
Juvenile clams existed in a clumped distribution at both study 
locations and were concentrated in the zone 1-28 m offshore from the 
mean low water mark at Gloucester Point by northwest wind-generated 
waves. In contrast, the inshore-offshore distribution of clams at 
Fox Creek was either greater offshore than inshore or equal across 
the three most shallow stations sampled because a jetty protected 
the area from northwest winds.
. The distribution of Mya across the upper portion of the near­
shore zone was attributed primarily to their being carried shoreward
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by wave action (Matthiesson, 1960b). No other physical or biological 
parameter could be correlated with the clam’s inshore-offshore 
pattern. The firm, sandy sediments exhibited no significant change 
in median grain diameter across the bivalve sampling transects.
Neither predation by blue crabs and other lesser predators nor inter­
specific competition with Gemma gemma or Macoma balthica significantly 
affected Mya’s density along the transects.. Although an association 
of the clam with patches of eelgrass at Gloucester Point was demon­
strated, the effect of the vegetation on inshore-offshore clam 
distribution was not consistent during the study.
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Appendix B
Table B-5. Number of individuals per sample at stations across the nearshore 
zone at Gloucester Point - late summer (August 1972);jet sampler.
Station 1 Station 2 Station 3
Sample
(1. 5m-13.5m From 
Species
lMLWM) fl6m-■2 8m From 
Species
MLWM) (53m-65m From MLWM) 
Species
No. Mya *** Tagelus Veg.** Mya Tagelus Veg. Mya Tagelus Macomar Veg
1 1 N 1 N 1 N
2 N N MZ
3 1 2 N N SZ
4 1 $ 1 N 1 N 1 N
5 N N 3 $ 1 LZ
6 $ 1 N * $ 3 N 8 $ 1 1 LZ
7 1(1) 3 N 1 N N
8 2 3 N $ 1 N N
9 4(2) 1 N N 1 SZ
10 6(2) 2 N 1 SZ N
11 *{2)<D N 1 N $ N
12 (1)$ N 1 $ 1 N $ N
13 (D $ 4 N $ N N
14 (1)$ 1 N 3 N 1(1)$ 1 SZ
15 K D 1 N *  $ 1 N 3 $ MZ
16 $ N 1 1 N N
17 1 N 1 N N
18 N 1 N N
19 1 $ N 1 N N
20 N 1 N N
21 5 %2) 2 N 1 N 1 MZ
22 1 3 N 1 2 SZ 2 $ LZ
23 1 1 N SZ $ N
24 1 $ 1 N 1 N 1 $ MZ
25 5* 2 N N N
26 t l H 3 N N SZ
27 !*(3)$ 1 N * $ 2 N N
28 (2)$ 2 N 1 $ 2 N N
29 1 (1)$ 4 N $ 2 N $ 1 N
30 2 N $ N $ SZ
31 4* $ N $ 2 N N
32 (1)* 2 N $ 3 N 2 N
33 N $ 1 N N
34 1 N $ 1 N N
35 3 N $ 5 N N
36 (2) 3 N 1(1) 1 N $ N
37 1 N 7 N 1 N
38 *(6) 1 N N N
39 *(1) 1 N 1 N $ N
40 3 N * 2 N $ 1 N
* Decaying MYA tissue in sample L-large amount of vegetation present
**N-No vegetation present Z-Zostera marina
S-Small amount of vegetation present balthica
M-Medium amount of vegetation present *** #Juy.~ Mya; ( ) = older Mya
$ Samples occurring in the airlift area
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Appendix B
Table B-8. Number of individuals at stations across the 
Fox Creek - late summer (August 1972); jet sampler.
nearshore zone at
Station 1 Station 2 Station 3
Sample
(0.5m to 12.5m From MLWM) 
Species**
(19m to 31m From MLWM) 
Species
(49m to 61m 
Speci
From MLWM) 
es
No. Myat M.b. Tag. M.m. MU. M.b. M.m. My a M.b. Tag. M.m.
1 1 1 2 2(1) 5 2
2 1 1 4 1 1 2 1
3 2 1 1 2* 6
4 3 1 1 2 6 1
5 3 1 11 1
6 (1) 6 (1) 1 5 (1) 1 2
7 1 1 3 1
8 3 1 *(1) 3 1* 3
9 1 7 4 1 2* 10
10 1(1) 3 2 1 5 1
11 2 2 10
12 1(1) 6 4 1 3* 10 1
13 4 10 * 3 1 3
14 5 2(1) 1 2 4 1
15 4 4 2* 6 1
16 2 2 (2) 1
17 1 1 3 1 3(1) 2 2
18 1 2 2 3 1 (1) 7
19 * 2 3 2 1 6 1
20 1 * 5 1
21 1 1 18 6
22 * 2 4 2 1 4
23 * (1) 1 1 7 1
24 (1) 2 2 1 13
25 12 3(1) 3 2 13
26 1 5 1 1(1) 1 1 12 1
27 10 1 1 2
28 10 1 2 5 1 4 3
29 6 3
30 3 1(1) 1 1 (1) 1
31 * 2 1 (1) 2 1
32 2(1) 7 1 1 1 4 1
33 3 1 3 7
34 2 1 1 2(1) 5 1
35 2 2 3 9 3
36 9 1(1) 2 3 1
37 1 8 * 2 1 1
38 2 2 2 1 2
39 5 1 2 2 1 3 1
40 11 3 3 1 ***
* Decaying Mya tissue present in sample
** Mya-Mya arenaria; M.b.-Macoma balthica; Tag.-Tagelus plebeius; M.m.-Macoma
mitchelli
*** Sample lost
t //Juv. Mjra; ( ) = older M^a
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